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CXXXI. HYDROLYTIC DISSOCIATION CURVES. 


By JOHN OGLETHORPE WAKELIN BARRATT. 
From the Lister Institute, London. 


(Received August 20th, 1925.) 


WHEN watery solutions of a weak base, such as urea, and a strong acid, for 
example hydrochloric acid, are mixed together part of the base and part of 
the acid unite to form a salt, the rest of the base and acid remaining in the 
free state. This relation is represented by the equation 

[U] x [HCl] = 

[U. HCl] ; 
the quantities in brackets representing molecular concentration of base, acid 
and salt respectively and H being a constant!. A similar equation holds for 
a weak acid and a strong base. 

Presumably some of the interactions met with in biochemical work, in 
which one substance is observed to have an inhibitory or restraining influence 
upon the action of another, are of the above type. The object of the present 
paper is to collect together some of the equations and curves which will be 
found of value in investigating such interactions. 

The case may be considered in which two antagonistic substances of 
unknown molecular constitution are mixed in concentrations represented by 
d and m respectively. If the reaction taking place is similar to that occurring 
when watery solutions of a weak base (d) and a strong acid (m), or of a weak 
acid and a strong base, are mixed together, then the relation expressed above 
would, of course, apply here also. Since, however, the concentrations would 
in general be given in percentage form, the molecular concentration being 
unknown, it would usually be necessary to multiply the percentage concen- 
tration of one of the two antagonistic substances, for example d, by a dilution 
factor f, so chosen that df would represent the molecular concentration of d 
relative to that of m taken as a standard. If m is found after admixture to 
have been reduced to c then m — c would represent the amount of salt formed 
and df — (m — c) would give, in terms of this standard, the concentration of 
free substance corresponding to d, the equation for the relation in question 
being 

a eM acs ccd uaa cavavss (2) 


m—c 
In this equation there are three variables, c, d and m, and two constants 
H and f. Of the three variables d and m are known, being the respective 


1 H is used instead of the symbol K in order to indicate that a special equilibrium dependent 


upon hydrolysis is being dealt with. 
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concentrations added at the commencement of the experiment, whilst c has 
to be estimated by an appropriate method. From the values of c, d and m 
obtained in different experiments H and f are determined. 

Since equation (2) contains three variables the individual experiments will 
be represented by points lying upon a curved surface and in general cannot 
be exhibited on a plane. If, however, the initial concentration of d or of m 


. . ° : : ‘ . d 
is maintained unchanged in all experiments, or if the relation of the two, — , 


is kept constant, then the variables become, in effect, reduced to two and the 
experiments will lie upon plane curves. Such curves may be conveniently 


referred to as d, m and A curves (where A= “). Of these the last, which 


will alone be considered here, possess the advantage that the two substances 
may first be mixed in bulk with any desired degree of accuracy and then 
for each experiment a measured amount of the mixture taken: in this way 
the error introduced by making two separate measurements, one for each 
substance, is avoided. 
For A curves equation (2) may be written 
c[m(A-1)+ce] _ H. 


m—cC 


Fig. 1. 


Curves of this type are shown in Fig. 1, the abscissae representing values of m 
and the ordinates corresponding values of c. The upper (thick) and lower 
(thin) curves are hyperbolic, corresponding to A < 1 and A > 1 respectively, 
whilst the middle curve, for which A = 1, is a parabola. The asymptoies of 
the hyperbolic curves, which are not shown in the figure but are nevertheless 
sufficiently obvious, are given by 

H 


. AH 
c= 75> and c= —(A—1)m q1° 


Only the upper portions of the curves, having positive values of c and m, are 
of importance in experimental work. 
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If the constants are known the values of c may be calculated from the 





equation 
“wa fee ener aa 
C= =-7-- = n/m = (oy, coe ceccccccccccces (4) 
which may also be written 
os =t-<) = u a/ mH + (me oy. oeee cant: (4 a) 


The determination of the constants may be attended with difficulty. If 
c, d and m are known with a considerable degree of accuracy H and f can 
be ascertained from any two experiments by the aid of the following equations: 


[dy (my —%) - dy (ms ~ ¢)] -++--(5) 
(4d, (mg — Cy) — Coy (m, a C3) 9 Sere ee eeesereeessseres 
Finke apes ccacanccaciavsnsvanvens (6) 


4d, (Mz — Cy) — Cody (My — Cy) 


C 


Fig. 2. 


If, however, the estimation of c, d and m is not susceptible of a high degree 
of exactitude, the above formulae, which unfortunately are determined by 
relatively small differences existing between the variables, may fail even to 
indicate the order of magnitude of the constants. The search for suitable 
values then becomes both difficult and laborious. The method I have adopted 
when faced with this dilemma has been in the first place to determine the 
approximate limits of the ratio 1 and then, choosing arbitrarily a series of 
values of H and f lying within these limits, to calculate by the aid of equa- 
tion (4) c for the experiments made, eventually selecting such values for the 
constants as afford the best agreement between c-calculated and c-observed. 
The ratio ‘ is determined approximately by using for experiment increasingly 
high values of d until (1), even when large amounts of m are employed, 
c is small compared with m and (2) the ratio, calculated from the equation 
given below, does not vary markedly in experiments extending over the 
largest possible range. When the latter condition is fulfilled it may be con- 
cluded that df is large compared with m—c. We may therefore disregard 


55—2 
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m — c in the numerator of the expression on the left of equation (2). This 
equation then becomes with close approximation 
af of 
m—c 
H_ cd 
St rs m “© ps 
In an attempt to determine the nature of the interaction taking place 
between two antagonistic substances the expression “- is of importance. 
If this expression is represented by C and introduced into equation (2) we 


obtain 


The curve (Fig. 2) corresponding to this equation is a hyperbola the asymp- 

totes of which are given by C =f and c= — H. If the interaction between 
. : . . m-C-. ° ° 

d and m is a chemical combination ~ 7 38 merely a mathematical expression 

having no special significance. If, however, the interaction is an adsorption 


m-C-. . . . . 
process then 3 indicates the concentration in d of the adsorbed fraction 


c 


C 


of m, d being in this case a hydrosol whose particles adsorb m. The equi- 
librial equation for an adsorption process is 


Fig. 3. 


where p and q are constants. The types of curve given by equation (9) are 
shown in Fig. 3 (for p= 1): if g>1 a curve which is concave upwards is 
obtained, if g < 1 the curve is concave downwards, while for q = 1 a straight 
line is given. The first curve, shown thin in the figure, alone corresponds to an 
adsorption process and should be compared with that of equation (8) shown 
in Fig. 2. In any two experiments 


Hence 


It is thus seen that in experiments to which equation (9) is applicable the 


Y 


° ° CO, - 
ratio of the logarithms of observed values of 2 and 7 is constant. 


2 
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Another curve of value is that obtained by plotting together values of 
cand H from 


c[m(A-1)+e 
Fe Mg ricsccnstinnssnicscnotnoncess (3) 
when m and A are constant. Three such curves are shown in Fig. 4, the top 
one corresponding to A < 1, the lowest to A > 1 and the middle to A = 1, 
the value of m being the same for all three: the curves are hyperbolic, the 
line c = m parallel to the axis of abscissae, shown in the figure, being the 
asymptote of all curves having the same value of m. (The broken parabola, 
also shown in the figure, is the locus of vertical tangents to the curve: its 
equation is H = — =.) Under the conditions of experiment obtaining when 


the curve is nearly horizontal, as is the case with the upper curve, for example, 
a slight error in the estimation of ¢ gives rise to a considerable error in the 
estimation of H. This is sometimes a source of embarrassment in experi- 
mental work when it is found that values of the constants varying over a 
wide range, but preserving the same value of the ratio ; , nevertheless afford 


good agreement between calculated and observed values of c. In order that 
the value of H may be sharply defined it must lie upon a steep curve obtained 
by suitably adjusting the concentrations of m and d employed. 


ce 


Fig. 4. 


Before proceeding further it will be of interest to refer very briefly to the 
combination of a weak base with a weak acid. Here the equation of equi- 


librium is 
base] x [acid (16 
ee BR oooh eins ke (12) 
The investigation of the figures corresponding to this equation is similar to 
that for equation (1). 

By way of illustration of some of the difficulties and limitations encoun- 
tered the constants H and f will now be determined for the series of estima- 
tions of the amount of hydrochloric acid remaining free (c) in mixtures of 
urea (d) and (total) hydrochloric acid (m) given below [Walker, quoted by 
Abegg, 1903]. The quantities represent amounts in grams contained in | ce. 
of the mixture. 
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d m c 
0-03 0-0365 0-0275 
0-06 cs 0-0213 
0-12 as 0-0131 
0-18 a 0-0095 
0-24 ee 0-0069 


The values of H and f calculated by the aid of equations (5) and (6) for 
individual pairs of experiments are as follows: 


Exps. H f 
1,2 0-048 0-82 
m 0-019 0-47 
; 0-051 0-95 
0-013 0-35 
5, 0-025 0-58 


Mean 0-0313 Mean 0-634 


The range of values is large, especially so for H. 
The values of a for the series (cp. equation (7)) are: 


- ed a 
m—Cc 
0-092 
0-084 
0-067 
0-063 
0-056 


Exp. 
1 
2 
3 
4 
5 


The ratio ; is therefore less than 0-056. 


If c is calculated by means of equation (4) for H = 0-0313 and f = 0-634 
the concentrations shown below are obtained: 
Exp. Ceale. Cobs. 
0-0276 0-0275 
0-0212 0-0213 
0-0135 0-0131 
0-0096 0-0095 
0-0074 0-0069 
: calc. and 
Cops, Was reached. The values ultimately selected were H = 0-0285 and 


f = 0-608. With these the calculated concentrations of c were: 


By diminishing the values of H and f closer agreement between c 


Exp. Ceale. 
0-0275 
0-0210 
0-0133 
0-0094 
0-0072 


Since the molecular weights of hydrochloric acid and urea are known it 
is of course unnecessary to determine f, the theoretical value of which is 


365 
60 
the procedure followed when the molecular weights of the interacting sub- 
stances are unknown. Walker’s mean determination (in absolute measure) 
of H is 0-78 corresponding to 0-78 x 0-0365 = 0-0285 when c, d and m are 
given in amounts per cc. 


= 0-6083. The determination has been made above in order to illustrate 
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If it is desired to test the applicability of equation (9) g may be calculated 
by means of equation (11). The result is given below: 


Exps. q 
1, 2 1-47 
2,3 1-84 
3, 4 1-23 
4,5 1-62 
Mean 1:5 


Taking g = 1-54, a mean value of p = 0-173 is obtained. If cis calculated from 


the equation 
¢ = 0-173C"" 


for the values of C obtaining in Walker’s experiments a close agreement with 


the observed amounts is seen: 


Exp. Ceale. Cobs. 
1 0-0270 0-0275 
2 0-0209 0-0213 
3 0-0140 0-0131 
4 0-0093 0-0095 
5 0-0069 0-0069 


The unexpected result is thus obtained that equations (2) and (9) are equally 
applicable over the range of experiments made. No indication is therefore 
afforded as to whether hydrolytic dissociation, corresponding to the former 
equation, is involved or a process corresponding to the latter. When the 
curves given by equations (8) and (9) are constructed it is found that the two 
are nearly identical within the limits examined. Beyond these limits, how- 
ever, a choice is possible, the curves separating and the divergence for high 
values of c becoming considerable: in order to determine which curve is 
applicable a larger range of experiment must be used. 


REFERENCE, 


Abegg (1903). Die Theorie der elektrolytischen Dissociation, Stuttgart, p. 56. 





CXXXII. NORMAL VARIATIONS OF THE 
INORGANIC PHOSPHATE OF BLOOD. 


By ROBERT EMLYN HAVARD anp GEORGE ADAM REAY. 


From the Biochemical Laboratory, Cambridge. 
(Received September 23rd, 1925.) 


ConsENsus of experimental data, obtained from a large number of individual 
subjects, goes to show that the normal value for the inorganic phosphate of 
whole blood in man ranges from 1-9 mg. P to 3-8 mg. P per 100 ec. [de Wesselow, 
1924], but singularly scant attention has been paid to the normal variations in 
the individual subject. One may not assume, as in the case of blood sugar, 
that in conditions generally considered to be normal, the inorganic phosphate 
remains absolutely steady, and that the taking of one sample will give a 
reliable figure. 

In the course of experiments on the changes in blood phosphate under 
various physiological conditions, we investigated this question, and obtained 
results which it seems important to bear in mind in any similar work in the 
future, and also in the interpretation of some observations in the past, where 
the principle of ensuring a good normal does not seem to have been rigor- 
ously observed. 

METHOD. 


The method employed was a micro-adaptation of Briggs’ modification of 
the Bell-Doisy technique [Briggs, 1922]. We consider that this adaptation, 
involving as it does the taking of only 0-5 cc. of blood, may have some 
clinical use. Moreover, in physiological experiments where a long series of 
samples is required, its convenience will be obvious. 

Fifteen drops of blood are drawn from a pricked finger into a small 
crucible containing 0-5 mg. of sodium oxalate. 0-5 cc. of the blood is im- 
mediately delivered from an Ostwald pipette into a 6 cc. sampling tube con- 
taining 3-5cc. of 0-5 °% trichloroacetic acid (accurately measured). This 
concentration of acid has been shown to inactivate a phosphoric esterase in 
blood, which would otherwise give high figures for the morganic phosphate 
[Martland, Hansman and Robison, 1924]. The blood is laked by inverting 
the tube once or twice, closed by the thumb, the proteins precipitated by the 
addition of 1 cc. of 22 % trichloroacetic acid, and the tube well shaken. 
Vigorous shaking is necessary to ensure a clear protein-free filtrate. The 
proteins are filtered off through a 6cm. Whatman No. 50 filter paper, the 
filtrate, generally about 3 cc., being collected in a test tube. The morganic 
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phosphate in the filtrate is estimated on the same day, since acid hydrolysis 
gives appreciable errors if analysis be further delayed. 

Small tubes (9 cm. long, and 0-7 cm. in diameter), graduated to hold 1-5 cc., 
are used as standard “flasks.”’ 

To 1 ce. of blood filtrate are added 0-1 cc. of Briggs’ molybdate reagent; 
0-05 cc. of Briggs’ quinol reagent; 0-05 cc. of Briggs’ sulphite reagent, and the 
whole made up to the 1-5 cc. mark. This is done in duplicate for each blood 
sample. 

As standard 0-5 cc. of Briggs’ dilute phosphate standard (1 cc. = 0-01 mg. P) 
is used, with the addition of 0-2 cc. of 22 % trichloroacetic acid to ensure the 
same degree of acidity as in the blood filtrate. 

The solutions are allowed to stand for the usual half hour and read against 
the standard set at 20 mm. in a microcolorimeter. We have found the Bausch 
and Lomb instrument to give excellent results. The average discrepancy be- 
tween duplicates was under 1 %. 


NorMAL VARIATIONS. 


A large number of experiments were done in which the subject walked to 
the laboratory in the morning and remained seated during the experiment. 
Blood was immediately taken on arriving, and thereafter as a general rule at 
intervals of 20 minutes. It was found that the inorganic phosphate was very 
unsteady, varying sometimes by as much as 14 % between the taking of the 
first and second samples, and usually dropped about 11 %. A steadier normal 
had therefore to be obtained. The difficulty was solved by allowing the subject 
to sit at rest for about 1} hours before taking blood, and then almost in- 
variably the variation in blood phosphate between successive samples was 
found to be below 2 %, and in many cases was 0%. The probable reason 
for this drop becomes evident in the light of our results on the influence of 
exercise on the inorganic phosphate of the blood [Havard and Reay, 1925]. 
We have shown that on resting after exercise a drop in the inorganic phos- 
phate occurs to an extent which is dependent on the vigour of the exercise 
and on the state of training of the subject. After the mild exercise of walking, 
the curve reaches in about 1} hours a flat minimum, which provides a suitable 
base line from which to measure the effects of any superimposed experimental 
condition. This minimum contrasts well with the sharp minimum followed 
by a rapid rise obtained after vigorous exercise. 

In Fig. 1 curves C and D show the steady normal which may be obtained 
by the subject resting. Curve B shows that even if the subject only moves 
about doing laboratory work, the phosphate may show greater variation. 

We have observed on several occasions that a definite rise has taken place 
in blood phosphate about midday. This increase may amount to 16 % above 
the morning level (Fig. 1, ‘Curve A, and Fig. 2, Curve A). This may possibly 
be correlated with the afternoon rise in phosphate excretion, investigated by 
Fiske [1921]. On other occasions, however, this rise in blood phosphate was 
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absent, and in one experiment (Fig. 1, Curve D) a drop of 13 % was noted 
between 2 p.m. and 4 p.m. 

Much further work is required to elucidate the cause of these variations, 
which probably reflect some alteration in general metabolism. 

Since these irregular changes cannot be predicted, the morning seems to 
be the time most suitable for experiments, and results obtained in the after- 
noon must be interpreted with caution. 





4-5 /— 


mg. P per 100 ce. blood 


4 


° _— t saieaieiliinaagas 4 4 
9-OAM. 10- 11°0 12-0 1:0P.M. 2-0 4-0 5-0 


Fig. 1. A.{R.E.H.] Rest. B.—[{R.E.H.] Ordinary Laboratory work. 
C.—_{E.W.] Rest. D.—{R.E.H.] Rest. 


allies 
3:0 


In order, therefore, to obtain a good normal blood phosphate for experi- 
mental work the subject should be seated in the laboratory as early in the day 
as possible to allow his blood phosphate to settle to a constant level and the 


experiment should be concluded as soon as possible in order to avoid compli- 
cations due to the afternoon variations. We do not claim that a steady 
normal value will invariably be produced even by taking these precautions, 
but the value is sufficiently steady over two to three hours to make any 
experimental change obtained quite unmistakeable. 


INFLUENCE OF SLEEP. 


Although much work has been done on the influence of sleep on the con- 
stituents of blood and urine, it appears that only two previous observations 
on blood phosphate have been made, viz., by Gollwitzer-Meier and Kroetz 
[1924]; and by Haldane, Wigglesworth, and Woodrow [1924]. 

Rises in inorganic phosphate of 20 to 50 % due to sleep were noted by 
these workers. We have confirmed and extended these observations in the 
course of three experiments on one subject, R.E.H. 

Exp. 1 lasted for a period of 30 hours (Fig. 2, Curve A), during which time 
the subject fasted, and was at rest either on a bed or in a camp chair, so that 
all exercise effects were cut out. The average day level (10 a.m.—10 p.m.) 
for inorganic phosphate was 3-56 mg. P per 100 cc., whilst the average sleep 
level was 5-06 mg. P per 100 cc., 7.e. 42 % higher. 

The sleep figure is the average of three analyses: 

2.40 a.m. ies Sis 5-19 mg. P % 
6.0 _ ja et as 


99 


+“ = ate 4-97 
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The inorganic phosphate therefore remains steady at the same high level 
during sleep. 

In Exp. 2 the usual diurnal cycle was reversed, and after a sleepless night, 
the subject slept from 10 a.m. until 3.25 p.m. A rise of 19 % in the blood 
phosphate was noted during the sleep period (Fig. 2, Curve B). 

In both these experiments the inorganic phosphate fell rapidly to the 
lower level after the subject awoke. 

In a third experiment half an hour’s sleep produced no rise in inorganic 
phosphate, so that probably some considerable time elapses before the sleep 
level is reached. 


B 


Sleep Period 


mg. P per 100 cc. blood 


ais eek ee 


10AM. 2PM. 6PM. 10PM. 2AM. 6AM. 10AM. 2PM. 





Sleep Period 


Fig. 2. Influence of sleep on inorganic P of blood. 


Campbell and Webster [1922] and Kleitman [1923] have employed this 
reversal type of experiment in studying kidney excretion during sleep, but 
so far as we know it has not been carried out before for the inorganic phos- 
phate of the blood. We have shown that the rise in inorganic phosphate of 
the blood cannot be separated from the phenomenon of sleep and that it is 
not an evidence of a diurnal physiological rhythm unconnected with sleep. 
This agrees with the observations by Campbell and Webster [1922] that there 
is an increased excretion of phosphate specifically associated with sleep. It 
has been shown that during sleep there is an increase in the alveolar CO, 
[Endres, 1923; Leathes, 1919] and a slightly decreased alkaline reserve and 
consequent increase in ¢g [Collip, 1920]. These have been accounted for by 
assuming that the respiratory centre is less sensitive in sleep. A similar 
acidosis experimentally produced by Haldane, Wigglesworth and Woodrow 
[1924] by breathing CO, also caused a rise in the inorganic phosphate of the 
blood and an increased urinary excretion, and this has also been confirmed 
by us [Havard and Reay, 1925]. The evidence therefore points to CO, acidosis 
as the cause of the “sleep” rise in inorganic phosphate of the blood. 
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It is worthy of note that sleep is the only physiological condition asso- 
ciated with such a high blood phosphate in the adult. Moreover experimental 
CO, acidosis [Haldane, Wigglesworth and Woodrow, 1924] and phosphate in- 
gestion [Wigglesworth and Woodrow, 1923] have not produced such high 
values as have been obtained in the case of sleep. It is true that Knipping 
[1922] has reported a value of 17-3 mg. P per 100 cc. of blood after “mental 
work.” Since, however, he employed the uranium nitrate method, which 
gave him “normal” values as high as 8-9 mg. P per 100 cc., we do not consider 
these figures reliable. Moreover, in a single experiment of our own, on the in- 
fluence of mental work, we could detect no change in the inorganic phosphate. 





4-0 


mg. P per 100 ce. blood 





A 
— Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 
Fig. 3. Seasonal variation of inorganic P of blood. 


SEASONAL VARIATIONS. 


Between November 1924 and August 1925 we have made some 30 deter- 
minations of the normal morning blood phosphate at rest, on various subjects 
and on different days. The figures obtained show a definite seasonal variation 
of the type noted by Hess and Gutman [1922] in children, varying from an 
average of 2-9 mg. P per 100 cc. blood in January to an average of 4-0 mg. P 
per 100 cc. blood in August (Fig. 3). The irregularity noted during May, 
June and July, is due no doubt to the comparatively small number of 
samples. Three subjects, from whom blood has been obtained both in winter 
and summer, all show a marked increase in the normal for the summer months. 
Hess and Gutman consider the effect observed in children to be due to the 
increased intensity of the ultra-violet rays in summer, and it is probable that 
this also accounts for the changes occurring in the adult. The observation is 
of some interest in connection with the recent work on heliotherapy. 











VARIATIONS OF INORGANIC P OF BLOOD 


SUMMARY. 


1. A micro-adaptation of Briggs’ method of blood inorganic phosphate 
determination is described which requires only 0-5 cc. of blood. 

2. Precautions necessary in obtaining a steady “normal” blood phos- 
phate figure are described and discussed. 

3. The rise observed during sleep is confirmed and shown to occur even 
during sleep by day. 

4, A seasonal variation is noted in the average normal blood phosphate 
of from 2-9 mg. P per 100 cc. in January to 4-0 mg. P per 100 cc. in August. 


Our acknowledgements are due to Dr H. D. Kay for suggesting to us the 
micro-adaptation of Briggs’ method and to Mr J. B. 8. Haldane and Sir 
F. G. Hopkins for much helpful criticism and advice. One of us (R.E.H.) is 
indebted to the Department of Scientific and Industrial Research for a grant 
held during the course of the research. 
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CXXXIII. A STUDY OF SOME BIOCHEMICAL 
COLOUR TESTS. 


III. COLOUR REACTIONS ASSOCIATED 
WITH VITAMIN A. 


By WILLIAM ROBERT FEARON. 
From the Physiological Laboratory, Trinity College, Dublin. 


(Received September 28th, 1925.) 


Tue familiar observation that liver oils give a transient purple colour on 
treatment with sulphuric acid acquired a new significance when Drummond 
and Watson [1922] demonstrated the close relationship between the presence 
of this reaction and the distribution of vitamin A. These observations have 
been confirmed by Poulsson and Weidemann [1923] and by Sjorslev [1924], 
although the specificity of the test has not yet been directly established. 


The followmg work was undertaken to ascertain as far as possible the 
connection between the vitamin and the pigment; to see if the test would 
afford assistance in the isolation of the vitamin; and to obtain a colorimetric 
method for determining the quantitative distribution of the vitamin. 

Since strong sulphuric acid under varying conditions produces a variety 
of colours with liver oils, and as only one of these, namely, the deep violet 
shade, appears to be associated with the vitamin, the test as performed and 
interpreted by the previous writers will be referred to in the present paper as 
the Drummond test. 


THE NATURE OF THE PIGMENT PRODUCED IN THE DRUMMOND TEST. 


The usual method of carrying out the test is to dissolve a drop or two of 
the liver oil in about 5 cc. of an anhydrous fat solvent. Addition of a drop 
of concentrated sulphuric acid followed by gentle agitation produces a deep 
violet colour if the test be positive. This colour soon fades, or is replaced 
by a red or brown shade. The violet colour is the essential part of the test. 

That the actual pigment produced is independent of the nature of the 
solvent is shown by the similarity of the colour spectrum obtained in different 
solvents, or, in the absence of a solvent, by the direct addition of a dehy- 
drating agent to the oil. 

The intensity and rate of colour formation varies in different solvents 
approximately in the following order of decreasing response: xylene, toluene, 
benzene, light petroleum, “liquid paraffin,’ chloroform, carbon tetrachloride, 
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carbon disulphide, ethyl ether. This was found to be due chiefly, but not 
entirely, to the greater water content of the less effective solvents. The colour 
test, like many sterol reactions, is extremely sensitive towards water. 

In order to obtain standard conditions for carrying out the test the 
various factors concerned were investigated in turn. 


Selection of a Solvent. 


Light petroleum, B.p. 40-60°, was eventually selected as a solvent, owing 
to cheapness and other advantages which will appear later. 

The light petroleum was dried by being shaken thoroughly with one-third 
of its volume of pure concentrated sulphuric acid, remaining in contact with 
the acid for some days. This process was repeated three times. It was then 
stored in a capped bottle, which had previously been dried in an air oven. 
It is essential for the success of the work that the solvent be free from water. 


Selection of a Condensing Agent. 


Strong sulphuric acid being obviously unsuitable, owing to the difficulty 
of controlling its action, other agents were tried including dry hydrochloric 
acid gas, trichloroacetic acid, zinc chloride and phosphorus pentoxide. With 
the last of these it was observed that the pigment formed did not go into 
solution in the body of the solvent but was adsorbed by the pentoxide and 


gradually subsided from the mixture as a dark purple precipitate; this sug- 
gested a method for the separation of the pigment. 


The Phosphorus Pentoxide Test. 


1. About a gram of phosphorus pentoxide is added to 5 cc. of the oil to 
be tested, either undiluted or dissolved in dry light petroleum, employing a 
well-dried tube. On gentle shaking, a deep violet colour develops if the oil 
be positive to the Drummond test. The colour slowly changes to a muddy 
brown depending on the amount of moisture originally present in the oil. 

2. A drop of the oil to be examined is let fall on to the centre of a small 
heap of phosphorus pentoxide on a dry filter paper. If the test be positive 
a purple develops in a minute, and persists until the pentoxide has begun to 
deliquesce. Oils negative to the Drummond test give only yellowish colora- 
tions. The spectrum of the pigment suspension in dry benzene shows a well- 
marked band in the orange, 650-700yup. 

Better results are obtained when the pentoxide is added directly to the 
oil and not to dilute solutions of the oil in an appropriate solvent. This 
appears to be due to the necessity of oxidation for the development of the 
pigment. Ordinary specimens of liver oil are able to effect this oxidation if 
present in sufficient amount. The peroxide value of liver oils is often high; 
some specimens can replace effectively the oxidised turpentine or hydrogen 
peroxide as a source of oxygen in the guaiacum test. 
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When the pentoxide test is applied to a weak solution of the oil, the de- 
velopment of the colour may be hastened by the addition of a suitable oxi- 
dising agent such as dry benzoyl peroxide. This difficulty does not arise in 
the original liver oil test as the sulphuric acid is able both to condense and 


to oxidise. 


The Isolation of the Pigment in the Phosphorus Pentoxide Test. 


It appears probable that the pigment obtained by the action of phos- 
phorus pentoxide is the same as the transient violet compound formed in 
the Drummond test, and in the more recent tests introduced by Rosenheim 
and Drummond [1925]. The pigment formed in the pentoxide test can be 
easily separated from the oil by the following method: 50 g. of phosphorus 
pentoxide powder are rapidly ground up with 50 cc. of an active liver oil. 
The deep violet colour which develops reaches a maximum in about seven 
minutes. The mixture is then transferred to a set of dry centrifuge tubes and 
rapidly centrifuged. The pentoxide and adsorbed pigment separate, leaving 
a clear supernatant layer. This layer is poured off and the pigment preci- 
pitate washed while in the tube by means of dry light petroleum, and again 
centrifuged. This procedure is continued until the washings no longer give 
the Liebermann-Burchard test for sterols. The precipitates are then sus- 
pended in the light petroleum and poured into a litre flask three-quarters 
full of water, the tubes of the centrifuge being rinsed out with light petroleum. 

The pentoxide with the adsorbed pigment is immediately hydrolysed, and 
the components of the pigment can be extracted from the solution by means 
of light petroleum by filling up the flask so that the solvent layer rises 
into the neck, where it separates on standing for a couple of days. 

Notes on the Preparation. 1. Since water immediately decomposes the 
pigment great care must be taken throughout the preparation to exclude 
moisture. All the apparatus in contact with the pigment must be dried 
beforehand in an air-oven and stored in a desiccator. The presence of moisture 
is shown by the change in colour of the precipitate from purple to muddy 
brown. 

2. Whitby’s delicate test for sterols [1923] cannot be used in testing the 
washings, as the formaldehyde interacts with some unsaturated constituent 
of the light petroleum and obscures the test. 

3. Unless the reagents are free from moisture it is not possible to wash 
the pigment precipitate free from sterol, since a moist solvent is able to de- 
compose the pigment with the liberation of a substance capable of giving the 
general sterol reactions. 

4. With a rapid centrifuge it does not appear necessary to seal the tubes, 
provided that the necks be kept quite free from any splashes of pentoxide. 

5. Light petroleum is a particularly convenient solvent for washing the 
pigment precipitates since it can be separated very rapidly from the heavy 
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precipitate, and since it does not tend to form stable emulsions with the 
pigment components when added to water, as happens with the aromatic 
solvents, notably benzene. 


The Character of the Pigment Constituents after Hydrolysis. 


After evaporation of the light petroleum solvent the pigment constituents 
are left as a pale yellow oil. This oil gives the general sterol colour tests but 
does not give the Drummond test, nor the colour reaction with phosphorus 
pentoxide, nor the various polyphenol colour reactions described later in the 
paper. 

The oil showed no signs of crystal formation on being kept for some weeks 
in vacuo at low temperature. 

Before attempting any detailed chemical investigation of the residue, its 
growth-promoting effect was examined according to the method of Zilva and 
Miura [1921], the actual dietary having been previously tested in connection 
with other work in this laboratory [Pringle, 1925]. 

Six rats of comparable age and weight (25-55 g.) were employed (Fig. 1). 
The three controls were fed on the standard deficient dietary, with 20 mg. of 
cod-liver oil per rat per diem supplied by hand as the source of vitamin A. The 
second set of rats was fed on the same diet except that the pigment extract 
from an equivalent amount of oil was given instead of the oil. These rats 
had been on the deficient diet for three weeks previous to the experiment. 
Apart from an initial rise, the pigment extract showed no growth-promoting 
properties during a period of 20 days, after which the daily dose was increased 
to 0-1 g. with no appreciable result. This indicates either that the pigment 
is not intimately associated with the vitamin or that the process of conden- 
sation and subsequent hydrolysis changes the biochemical character of the 
material. 

The latter alternative is supported by the fact that the final preparations 
no longer give the characteristic colour reactions. 


THE EFFECT OF THE REMOVAL OF THE PIGMENT ON THE GROWTH- 
PROMOTING PROPERTIES OF COD-LIVER OIL. 


Samples of cod-liver oil were treated with phosphorus pentoxide and 
centrifuged in the manner described until they no longer gave any colour 
with the reagent. The oils were then treed from excess of pentoxide by sedi- 
mentation during a period of one week. 

These depigmented oils gave neither the Drummond test nor any of the 
colour reactions described in the present paper. The depigmented oil was 
administered in quantities of 20 mg. per rat per diem to each of the three 
rats which had been on thé diet deficient in vitamin A supplemented by the 
pigment extract in the previous experiment, the pigment extract being 
discontinued during the administration of the depigmented oil. 
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No growth-promoting effect could be observed during the period when 
the depigmented oil was given, which supports the conclusion that the vitamin 
is a constituent of the pigment precursor. The potency of the oil used was 
shown by the control experiments. 

70 


60 
50+ 
40+ 
*» 90+ 


CONTROL 
20 MG. OIL Per DIEM 





Oo 10 20 30 40 50 60 70 80 


20 30 40 60 60. 
Time in days 
Fig 1. 
A—B = Pigment equivalent of 20 mg. oil per rat p.d. 
B—C= - i 100 c 
C—D =De-pigmented oil, 20 mg. per rat p.d. 
CoLour REACTIONS SUITABLE FOR THE COLORIMETRIC EsTIMATION 
oF VITAMIN A. 

If the pigment occurring in the Drummond and the phosphorus pentoxide 
tests be produced by a condensation between the vitamin and a sterol already 
present in the oil it should be possible to modify the test by replacing either 
component. 

This has been done by Harden and Robison [1923], who have shown that 
small quantities of furfuraldehyde added to solutions of cholesterol, or to 
inactive oils containing cholesterol, react on treatment with strong sulphuric 
acid in a manner resembling that of liver oils. 

The reaction appears to be similar in character to that devised by Whitby 
[1923] for the detection of sterols. 

It has been suggested that the vitamin responsible for the colour test may 
itself be an aldehyde, but Drummond has pointed out that this is unlikely 
on account of the stability of the vitamin to the process of saponification, 
although it must be remembered that the vitamin may resemble the non- 
reducing disaccharides in being relatively stable in alkaline solution but 
readily undergoing decomposition in acid solution with the production of 
aldehydes. 

The converse of the test does not yet appear to have been investigated; 
that is to say, the effect of the addition of sterols and polyphenols to solutions 
containing vitamin A before treatment with the condensing agent. 
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No difference was observed when excess of cholesterol was dissolved in a 
liver oil preparatory to carrying out the vitamin colour tests, presumably 
because the quantity of sterol naturally present was sufficient to give the 
maximum colour. 

The effect of various polyphenols was then examined in the hope that 
they might interact with the vitamin to produce soluble pigments similar to 
those obtained by condensing pyrogallol with various aldehydes [Fearon, 
1919]. 

The Condensing Agent. 


The condensing agent must be of sufficient strength to bring about the 
reaction, without being in such concentration that it is able to produce a 
colour with the oil in the absence of the phenol. The condensing agent must 
also be able to hold the pigment in solution. 

An entirely satisfactory result was obtained by employing a 12 °% solution 
of dry trichloroacetic acid in dry light petroleum (B.p. 40-60°). This can 
conveniently be prepared by diluting a saturated solution of dry trichloro- 
acetic acid in dry light petroleum (approximately 49 %% at laboratory tem- 
perature) with three times its volume of light petroleum. Both the stock 
solution and the reagent should remain perfectly clear. They appear to keep 
indefinitely in the absence of moisture. 

Pyrogallol, phloroglucinol, a-naphthol, and substituted phenols, such as 
vanillin and amidol, all give definite colours with liver oils in presence of the 
condensing agent. 

Pyrogallol is probably the most suitable. It gives a bright rose colour 
with active oils. The colour is stable for a long period, and can be diluted 
with light petroleum for colorimetric comparison. It can be closely matched 
by a buffer solution containing phenol red. 


The Pyrogallol Test for Vitamin A. 


One or two drops of the oil, or dry ethereal solution of the substance to 
be examined, are placed in a dry 10 or 25 cc. flask. A few dry crystals of 
pyrogallol are added, and then 5 cc. of the condensing agent (12 % trichloro- 
acetic acid in dry light petroleum). The contents are well shaken. A bluish 
pink colour slowly develops if the test be positive, changing to deep rose, and 
reaching its maximum intensity in 15 to 20 minutes. 

Notes on the Test. 1. The rate of the development of the colour may be 
hastened greatly by warming the flask for a few seconds in a boiling water- 
bath. When the light petroleum begins to boil vigorously the flask should be 
removed, otherwise the liquid is apt to become cloudy. 

2. Oxidation is necessary for the production of the colour. This is brought 
about partly by shaking the flask, and partly by peroxides already present 
in the oil. Some oils are very slow in producing a colour. This can be cor- 


rected by the addition of a very small quantity of dry benzoyl peroxide before 
56—2 
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warming the solution. Excess of the peroxide must be avoided in colorimetric 
work, as it gives a yellow shade with the reagent on standing for some time. 

3. As it is difficult to find a stable anhydrous solvent for pyrogallol which 
will not interact with the other reagents the pyrogallol is added in the solid 
form. Since it is only sparingly soluble in the acid light petroleum, the 
mixture must be well shaken at intervals. 

4. Once formed, the colour is stable and will remain for days if the flask 
be properly closed. It can be diluted with dry light petroleum or with the 
condensing agent. 

5. When the colour has developed, the contents of the flask should be 
perfectly clear, except for the undissolved crystals of pyrogallol at the bottom. 

If the liquid is opalescent it indicates moisture. This sometimes may be 
removed by adding more of the condensing agent, shaking the flask and 
allowing it to stand for some time. 


The Specificity of the Test. 


In distribution and intensity, the pyrogallol test closely follows the 
Drummond and the phosphorus pentoxide tests. Oils inactivated by aera- 
tion, inactive vegetable oils, and hardened fats give no colour on standing 
in contact with the reagents for days, or, at most, a muddy yellow colour 
if an excess of the oil be taken. 

It has not been found possible to reproduce the reaction by the addition 
of the commoner aldehydes and ketones, with and without cholesterol, to 
(1) medicinal petroleum, (2) aerated liver oil, (3) vegetable oil. The reaction 
with benzaldehyde most nearly resembles that of an oil containing vitamin A. 
The colour, however, is orange-red and soon fades. 

Owing to the lack of success in the attempt to obtain a biologically active 
preparation from the pigment separated by the phosphorus pentoxide method 
no effort was made to isolate the pigment formed in the pyrogallol test. 

It is of interest to note that the pyrogallol test is not given by “ostelin,” 
““oxy-cholesterol,” radiated cholesterol, or radiated hardened fat, which may 
be of significance in the differentiation between the fat-soluble vitamins. 


CONCLUSIONS. 


1. Phosphorus pentoxide forms a deep violet colour on addition to oils 
containing vitamin A. 

2. The pigment may be completely separated from the oil leaving a 
residue deficient in growth-promoting properties. 

3. The vitamin enters into the formation of the pigment, probably by 
condensation with a sterol. 

4. It has not been found possible to recover the vitamin from the products 
of hydrolysis of the pigment. 
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5. Using a 12 % solution of trichloroacetic acid in dry light petroleum 
as a condensing agent, pyrogallol and other polyphenols interact with oils 
containing vitamin A to give stable pigments which are suitable for colori- 
metry. 


I am indebted to Professor Sydney Young, F.R.S., for some chemically 
pure solvents, and to Mr H. Jephcott, and Messrs the Glaxo Company of 
London for their kindness in supplying me with information and with 
specimens of “‘ostelin.” In the nutritional portion of the work I have been 
considerably assisted by W. Briggs of this department. 
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(Received October Ist, 1925.) 


CosTANTINO [1912, 1914, 1917] was one of the first to attempt a more thorough 
study of the partition of the element phosphorus in muscle than had pre- 
viously been undertaken. He recognised the presence of phosphatide, inor- 
ganic phosphate, protein phosphorus and an indefinite group of acid-soluble 
organic compounds. Further, he found that in the dog exercise produced 
an increase in the inorganic phosphate, but did not alter the total or ex- 
tractive phosphorus, i.e. there was a change in the distribution but not in 
the total amount present. In the rabbit, however, no such alteration took 
place. 

The work of Embden [1912-22] and his co-workers on the very labile 
chemistry of “lactacidogen” has rendered the previous determinations of the 
inorganic and total acid-soluble fractions of little or no value, owing to the 
rapidity with which this substance is split up or re-synthesised according to 
whether the muscle is contracting or returning to its resting phase. 

In recent times the chief interest in the réle of phosphorus in muscle 
metabolism has centred round the hexosediphosphoric ester found by Embden 
in muscle and now identified with the hexosediphosphoric ester previously 
demonstrated by Harden and Young [1911] in yeast juice. Of the significance 
of the other phosphorus compounds very little is known. 

The occurrence in the animal body of organic compounds linked with 
phosphoric acid has given rise to much surmise. Indeed Meyerhof [1924] has 
put forward the hypothesis that this linkage renders the organic radicle the 
more accessible to oxidation. Respiratory quotient determinations during 
prolonged exercise led Benedict and Cathcart [1913], and Krogh and Linhard 
[1920], to the conclusion that although the energy for muscle work is derived 
mainly from carbohydrate, yet it cannot be the sole source. On a normal 
diet, Furusawa [1925] found that the oxidation of fat could only be detected 
after the oxidation of about 300 g. carbohydrate. On a fatty diet with a 
basal respiratory quotient of 0-71 the excess metabolism due to a short period 
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of exercise was that of carbohydrate only, suggesting that fat was used only 
after conversion into carbohydrate. In long continued exercise on a fatty 
diet, fat was more quickly called upon than on a normal diet. 

Palazzolo [1914] found that the muscle fat in frogs and hedgehogs was 
consumed even though the glycogen store was not exhausted. On the other 
hand, Leathes [1906] found no evidence of fat utilisation in muscles tetanised 
for several hours by stimulation of the sciatic nerve. Winfield [1915] using 
surviving muscles found that the fat content did not change after prolonged 
stimulation under anaerobic conditions nor after recovery in oxygen. Lafon 
[1913], working with the levator labia superioris of the horse and ass, found 
that more fat was removed from the blood when the muscle was working than 
when at rest. Bloor [1916, 1, 2; 1917; Bloor and MacPherson 1917], as a 
result of work on the distributio:. of fat and phosphatide in blood, came to 
the conclusion that, i general, wherever variations in the fat of the blood 
occur, there are found corresponding changes in the phosphatide, and at 
the same time he put forward the suggestion that phosphatide is an inter- 
mediate step in the utilisation of fat. 

In view of the fact then that phosphorus may be linked with lipins and 
of the evidence that fat may be utilised as a source of energy, it was thought 
of interest to determine the fate of fat as well as of phosphatide in fatigued 


muscle. 
GENERAL PLAN OF THE EXPERIMENTS. 


The material used was the muscles of the domestic cat, an essentially 
carnivorous animal. In preference to prolonged stimulation under a general 
anaesthetic the animals were anaesthetised and decerebrated. After an 
interval blood was drawn from the left great saphenous vein, then the gastro- 
cnemius, sometimes the triceps and biceps as well, were removed from the 
left side (first series). The sciatic nerve of the other limb was picked up in 
the gluteal region but was not cut. Faradic stimulation through the nerve 
was then carried out for varied periods using single induced shocks at first, 
then later tetanising the muscles by the application of more rapid stimuli. 
At the end of the stimulation blood was drawn from the intact right great 
saphenous vein. The gastrocnemius and the other muscles corresponding to 
the first series were then dissected out. By determining the distribution of 
phosphorus in the fractions to be described an attempt has been made to 
trace the gross changes of the phosphoric compounds during the different 
states of the musculature. 

(a) The total P,O, in the total acid-soluble extract provided an estimate 
of the changes of inorganic phosphate, lactacidogen and other unknown 
compounds. 

(6) Determinations of the inorganic P,O; were made on “a.’ 

(c) Determinations of the inorganic P,O; in muscle allowed to autolyse 
in an alkaline medium at 40° for 24 hours gave the lactacidogen plus in- 
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organic P,O; content. The former could then be calculated by the difference 
oP _& Bh 

(d) The P.O, of the unknown group was calculated from the difference 
“a”?—“b,” 

(e) The P,O, estimated in the fraction soluble in anhydrous ether and 
chloroform gave a rough method of calculating the changes in the phos- 
phatide moiety. 

(f) The nucleoprotein P,O; was determined sometimes directly from the 
residue after the phosphatide and total acid-soluble extractions, sometimes 
indirectly by the difference of “a” plus “e” from the total P,O,. 

The calculations throughout have been stated as percentages of the dried 
muscle. Such a precaution is necessary owing to the changes in the water 
relation which take place as the result of stimulation. 


EXPERIMENTAL PROCEDURE. 

In order to reduce any effects due to recent ingestion of food, the animal 
received no food on the day previous to the experiment. When attempting 
the more prolonged operations of the later experiments, a complication, 
namely an excessive bronchial secretion, arose so frequently that it was found 


necessary to give an injection of 1/400 g. atropine sulphate hypodermically 


half an hour beforehand. Though an undesirable factor this allayed the ex- 
cessive secretion without interfering with the muscular system [see Cushny, 
1918]. The animal was anaesthetised with ether and decerebrated according 
to the method of Schmidt [1922]. 

After an interval of about 15 minutes, 5 cc. blood were drawn from the 
great saphenous vein of one limb, and added to 20 cc. of 5 % redistilled 
trichloroacetic acid? in a 25 cc. measuring flask. The flask was stoppered, 
shaken, and after 10 minutes the contents were filtered through a dry filter 
paper previously extracted with 1 % HCl. 

The inorganic P,O; was determined by the Briggs [1922] modification of 
the Bell-Doisy method [1920], 10 cc. of the filtrate being used. The total 
acid-soluble P,O,; was estimated colorimetrically on 5 cc. of the filtrate ashed 
with 0-3 ec. H,SO, and 0-3 ec. HNO, in a micro-combustion tube. For the 
formation of the ammonium phosphomolybdate 2 cc. of a 5% ammonium 
molybdate solution were used. The other reagents were as described in the 
original papers cited. The possible interference of the trichloroacetic acid and 
sulphuric acid used was tested. N/2 sulphuric acid and N/10 trichloroacetic 


acid using a 5°% ammonium molybdate solution to produce the phospho- 


molybdate had no effect on the colour production?. 


1 Martland and Robison [1924] found in some samples of trichloroacetic acid an impurity which 
produced a blue colour with the reagents used. Although this factor did not occur in the experi- 
ments described, the precaution of redistilling the reagent suggested by these authors was 
adopted. 

* Stanford and Wheatley [1925] have recently found the same limiting acid concentrations. 
The present writer observed that allowing a period of 8-12 hours for colour production accurate 
readings were obtained with phosphate solutions even when the percentage difference was 
50-100 %. 
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The residue from the above estimations together with the precipitated 
protein was oxidised with 7 cc. H,SO, and 5-7 cc. HNO, and the total P,O, 
calculated. 

In these and subsequent estimations where it was desired to precipitate 
the phosphorus and weigh as phosphomolybdate, the precaution had to be 
taken, prior to precipitation, of adding an excess of HNO, (5 cc.) to the 
neutralised acid mixture. A granular ammonium phosphomolybdate which 
quickly and cleanly precipitated out was formed. 

On the same limb from which the blood was drawn the gastrocnemius 
was dissected out, the vessels ligated and the muscle quickly cleaned of 
adherent fat and fascial sheath, then immersed in liquid air till frozen. The 
frozen muscle was then broken into small pieces in a cold stone mortar and 
divided into four lots—A, B, C and D—which were quickly weighed, while 
still frozen, in small stoppered bottles. This immersion in liquid air inhibits 
the changes in the isolated muscle, particularly the breakdown of “lact- 
acidogen.” Though the density of the muscle is decreased by this process, yet 
the condition is standard throughout the experiment, and is preferable to the 
rapid evaporation which results from the exposure of a warm isolated muscle 
even during rapid weighing. 

Lot A of about 2 g. was weighed, teased out with needles, then dried in 
an electric oven at 98° until constant in weight. If drying is carried beyond 
this point other changes in the tissue take place. The percentage of water 
was calculated and a total P,O; estimation was made on this dried extract 
using Neumann’s wet ash method. 

In this connection it was found that if the 7 cc. H,SO, and 5 cc. HNO, 
used in these experiments were allowed to remain for several days at room 
temperature in contact with the dried substance to which has been added 
about 10 cc. water, oxidation proceeded to a considerable extent, and when 
heating was finally employed the oxidation was rapidly completed, thus 
obviating the chance of loss by volatilisation. 

Lot B, about 2-3 g., was first weighed, then rapidly ground in a mortar 
containng 5 % redistilled trichloroacetic acid with broken glass. It is 
essential that the division of the tissue be fine as otherwise the thorough 
extraction of the acid-soluble material is inhibited by the precipitated film of 
protein. After about 2 hours the protein precipitate is filtered off, and washed 
thoroughly up to a known volume (100-200 cc.) with 0-5 % trichloroacetic 
acid. The imorganic phosphorus content was determined by the Briggs 
[1922] method. The total P,O,; was estimated gravimetrically. 

Lot C, 2-3 g., was weighed, then minced finely with scissors with one-fifth 
of its weight as volume of saturated NaHCO,. 

The adherent fluid on the scissors was washed off with 15 to 20 cc. mam- 
malian Locke solution containing neither glucose nor NaHCOQ,. The vessel 
with its contents was immersed in a water bath at 50° for a few minutes and 
then placed in an incubator at 38° for 2} hours. Embden and Laquer [1921] 
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have demonstrated that this alkaline medium allows the breakdown of the 
lactacidogen by the specific muscle enzyme to go to completion. 

An excess of 5 % trichloroacetic acid was added to precipitate the protein 
completely and extract the acid-soluble material. After standing for about 
2 hours the mixture was filtered and washed to a known volume with 0-5 % 
trichloroacetic acid. Estimations of the inorganic phosphorus represented 
the P,O; of the inorganic phosphate originally present, plus the additional 
phosphate liberated from the lactacidogen. 

Lot D, approximately 10 g., after being weighed was finely ground in a 
mortar with broken glass and 95 % alcohol as fluid. This finely ground sus- 
pension, after standing for a few days, was filtered through a paper extraction 
thimble suspended in the interior of an Erlenmeyer flask. The filtrate was 
washed with alcohol into an evaporating basin and taken down almost to 
dryness on a water-bath, then desiccated over H,SO, in vacuo. Over the 
suspended thimble a reflux condenser was now fitted and the tissue extracted 
with 95 % alcohol for 12 hours on an electric hot plate kept at the lowest 
possible temperature commensurate with steady extraction. After extraction 
the alcohol was washed with ether into a second evaporating basin and a 
further 12 hours extraction with ether carried out. 

This extract was added to the alcohol in the second basin, and the products 
of subsequent 12 hours extractions with 95 % alcohol and ether were also 
added. The total fluid was then evaporated to a few cc. and the final desic- 
cation completed in vacuo over H,SO,. The extracts were exposed to the air 
as little as possible. After as complete a desiccation as is compatible with 
the preservation of phosphatides unchanged, at least as regards their solu- 
bility, the residues of basins 1 and 2 were extracted several times in the cold 
with anhydrous ether and chloroform; anhydrous ether alone is probably 
insufficient as kephalin is insoluble in it. These precautions as regards using 
anhydrous reagents were necessary, for any water remaining in the solvents 
permits of a partial solution of other compounds, particularly inorganic salts. 
The combined ether and chloroform extracts were then evaporated almost to 
dryness on a water-bath and desiccated in vacuo over H,SO,. The weight of 
this dried material gave the total fat and “lipoid” substance, whilst a colori- 
metric estimation of the PO; after wet ashing gave the P,O; as combined 
in phosphatide. An acid mixture of 0-75 ec. H,SO, and 0-5 cc. HNO, is 
sufficient to oxidise the fat in the material obtained from 2 g. muscle. 

It was thought that possibly the procedure adopted did not permit of 
the extraction of the masked fat of Dormeyer [1897] although MacLean [1918] 
has stated that the ether-insoluble combination of phosphatide and protein 
is acted on by alcohol and the phosphatide, which can subsequently be ex- 
tracted by ether, liberated. In order to test if any fat remains unextracted, 
the residue in some of the experiments was digested with 1 °% pepsin in 
0-2 % HCl at 40° for 3-4 days. At the end of that period the fluid was 
neutralised with NaOH, then washed repeatedly with ether in a separating 
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cylinder and the combined extracts treated as in the previously described fat 
estimation. A mere trace of fat was obtained which was found each time to 
be equivalent to the fat content of the enzyme preparation used. The ether 
and alcoholic extractions therefore remove all the fat. 


Nucleoprotein P,O;. 


Costantino [1915] demonstrated that the phosphorus-containing protein 
compounds of smooth muscle were nucleoprotein. To determine the nature 
of the protein phosphorus in striated muscle the residue from the fat extrac- 
tions was first treated with 1% HCl, then, after standing 2-4 hours, the 
product was filtered and the residue thoroughly washed with distilled water 
till free from all acid-soluble material. An extraction of this residue with 
i % NaOH for 48 hours at 37° was made according to the directions of 
Plimmer and Scott [1908]. A total P,O,; estimation was done at this stage. 
The remainder was then treated with 2 cc. glacial acetic acid for every 100 cc. 
solution and the precipitate filtered off. Since the phosphoric acid is split 
off the phosphoprotein molecule by this digestion, an estimation of the in- 
organic P,O,; reveals its presence or absence. No phosphoprotein was ever 
found so that the total P,O; of the extract was due to nucleoprotein. 


DESCRIPTION OF THE EXPERIMENTS. 


It may be stated that before these experiments were carried out, many 
estimations of the phosphorus content of the muscle of the cat were made 
in duplicate and triplicate as a test of the method and of the constancy of 
the distribution of that element. 

Exp. 1. The two gastrocnemii were removed as soon as the depth of 
anaesthesia permitted. 

Exps. 2, 3 and 4. In these experiments the resting gastrocnemii were 
removed 15 minutes after decerebration. The sciatic nerve in each case was 
picked up in the gluteal region of the other limb, and, for the first 10 minutes, 
stimulated with single induced shocks, then subsequently the muscles supplied 
by the nerve were tetanised by means of a Neef’s hammer for periods of 
15 to 50 minutes. 

Exp. 5. After decerebration the resting gastrocnemius was allowed to 
remain in situ throughout the stimulation period of its fellow. 

In Exps. 1 to 5, no atropine was injected. Nucleoprotein P,O; was esti- 
mated directly. In all the experiments described, stimulation was carried 
on till the last moment prior to the actual dissection of the muscle. 

Exp. 7. Blood was drawn from the great saphenous vein 15 minutes after 
decerebration. The lateral and medial cords of the brachial plexus on the 
right side were cut. Stimulation was started after the three muscles on the 
left side were removed and was continued for 45 minutes at which point the 
breathing stopped. A few minutes later the heart ceased beating. Stimulation 
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was kept up till the moment of removal of the gastrocnemius. No atropine 
was used. 


Table I. Eaps. 1-5. 


Number of experiment 





State of the muscle 
(gastrocnemius) 
°% dry matter 25- 25°43 25- 22-89 26-80 
% water *59 74-57 , . 73-20 
Phosphatide PO, ‘25 0-24 Ol , 0-29 
°% of dry matter 
Total acid-soluble P,O, . 1:82 1-92 1:95 1-88 
% of dry matter 
Inorganic phosphate P,O, 0-88 0-97 1-20 1-00 
% of dry matter 
Nucleoprotein P,O; 0-17 O15 0- 0-10 0-17 0-17 
°% of dry matter 
Total P,O;% ofdry matter 2-24 2:22 2-25 2-24 2-33 2-32 
Period of stimulation Resting 50 20 3 
mins. mins. mins. 
R. =resting. F. = fatigued. 


’ y 
Table Il. Hap. 7. Female Cat. 

Right 
cephalo- 
humeral 

Left triceps Left cephalo- muscle 
Left gastroc. removed Right triceps humeral mus- removed 
removed after Right gastroc. after de- removed cle removed after 
decerebration stimulated for cerebration after stimu- after decere- stimu- 
but priorto fhourafter but before lation of bration but lation of 
stimulation decerebration. stimulation gastroc. for before stimu- gastroc. 
of right Animal died of gastroc. Zhour lation of gasiroc. for 3 hr. 


% dry matter 24-31 20-74 24-16 25-29 24-76 25-74 
% water 75-69 79-26 75-84 74-71 75-24 74-26 
Phosphatide P,O; 0-30 0-30 0-34 0-35 — — 

% of dry matter 
Total acid-soluble P,O; 

% of dry matter 
Inorganic phosphate P,O; 

% of dry matter 
Inorganic phosphate plus 

lactacidogen P,O, % of 

dry matter 
Lactacidogen P,O; 

% of dry matter 
Acid-soluble organic P,O, 

other than lactacidogen 

% of dry matter 
Nucleoprotein PO, 

% of dry matter 
Total P,O,; % of dry matter 2- 2-40 2-32 2-30 2-29 2-31 

Exp. 8. This experiment was in nature a basal one. Half an hour prior 

to the operation 1/400 g. atropine sulphate was injected. The animal was 
anaesthetised with ether and decerebrated. Fifteen minutes later 5 cc. blood 
were drawn from the great saphenous vein on the left side, then the gastro- 
cnemius, triceps and biceps on the same side were removed. The nerve 
supply to the biceps on the right side was severed. After a period of 1? hours 
rest in this condition, 5 cc. blood were drawn from the inferior vena cava and 
the three corresponding muscles removed from the living animal. 
















































% dry matter 





% water 
Phosphatide P,O, 
% of dry matter 
Total acid-soluble P,O; 
% of dry matter 







Inorganic phosphate PO; 
% of dry matter 
Inorganic phosphate plus 
lactacidogen P,O; 
% of dry matter 
Lactacidogen P,O, 
% of dry matter 
Acid-soluble organic P,O; 
other than lactacidogen 
% of dry matter 
Nucleoprotein P,O, 
% of dry matter 


Total P.O; % of dry matter 
















Left 


gastroc. 
removed after 
decerebration after 2}hrs. 
but prior to 
stimulation 
of right 


25-62 
74-38 
0-29 
1-84 
0-87 


1-40 


0-53 


0-44 


0-11 


se 
bo 
oe 


Right 


gastroc. 
removed 


stimulation 
with a load 
of 150 g. 


22-47 
77-53 
0-27 
1-89 
1-17 


1-42 


0-25 


0-47 


0-06 


bo 
bo 
tb 


Left 


ae 
remove 
decerebration 
but prior 
to stimu- 
lation of 
the gastroc. 


25-12 
74-88 
0-30 
1-94 


0-98 


1-45 


0-47 


0-49 


after 
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Table III. Exp. 8. Female Cat. 2-3 kg. 


Table IV. Exp. 9. Male Cat. 3-5 kg. 


Right 
triceps 
removed 


after 


fatigue of 
the gastroc. 


25-42 
74-58 
0-30 
1-96 


0-87 


1-46 


0-59 


0-50 


0-15 


2-41 


Left 
biceps 
removed 


after decere- 


bration but 
before stimu 
lation of 


the gastroc. 


26-36 
73°64 


1-98 


1-00 


1-54 


0-54 


0-44 


2-31 


903 





Right biceps 
removed 1? hr. 
after de 


Left Right Left Right Left cerebration 
gastroc. gastroc. triceps triceps biceps during 
removed removed removed removed removed which 

$ hr. 1 hr. 3 hr. br. $ hr. period 
after de- after de- after de- after de- after de- its nerve 

cerebration cerebration cerebration cerebration cerebration was cut 
% dry matter 24-17 24-77 24-71 25-65 25-26 26-00 
% water 75-83 75°23 75-29 74-35 74-74 74-00 
Phosphatide P,O, —_ = a ae ~ 
% of dry matter 
Total acid-soluble P,O; 1-94 1-92 1-92 1-87 1-92 1-95 
% of dry matter 
Inorganic phosphate P,O; 0-92 0-89 0-95 0-91 0-88 0-82 
% of dry matter 
Inorganic phosphate plus 1-31 1-28 1-37 1-32 1-26 1-25 
lactacidogen P,O; 
% of dry matter 
Lactacidogen P,O; 0-39 0-39 0-42 0-41 0-38 0-43 
% of dry matter 
Acid-soluble organic P,O,; 0-63 0-64 0-55 0-55 0-66 0-70 
other than lactacidogen 
% of dry matter 
Nucleoprotein PO; —_— -- — —- — - 
% of dry matter 
Total P.O; % of dry matter 2-36 2-35 2-43 2-39 2-32 2-35 
. Exp. 9. The animal was given a hypodermic injection of 1/400 g. atropine 
5 5 


sulphate. Twenty minutes after decerebration the gastrocnemius, triceps and 
biceps of the left side were removed. On the right side, the nerve to the 
biceps was cut, then the sciatic nerve on the same side was picked up in the 
gluteal region and stimulated, first by single induced shocks but later fatigued 
by a Neef’s hammer. The load of 150 g. was fixed to the paw so that the 
gastrocnemius contracted against it. This faradic stimulation was maintained 
for 2} hours when the other three muscles were removed for analysis. 


Right 
biceps 
remained 
in situ with 
its nerve 
cut during 
- stimulation 
period of 
the gastroc. 
26-72 
73-28 


1-97 


0-388 


51 


0-63 


0-46 
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Exp. 10. 1/200 g. atropine sulphate was administered. 5 cc. blood were 
drawn after decerebration from the great saphenous vein of the left limb, 
then the gastrocnemius, biceps and triceps were removed. The right gastro- 
cnemius was fatigued by stimulation of the sciatic as in the previous experi- 
ments. The load was again 150g. After stimulation for 50 minutes, 5 cc. 
blood were drawn from the inferior vena cava; the right gastrocnemius, 
triceps and biceps were then removed, the latter having had its nerve supply 
cut during the period of fatigue. 


ry T ¢ rE 
Table V. Exp. 10. Male Cat. 2-85 kg. 
Right biceps 
removed 
Right after the 
Left gastroc. Left Right Left stimulation 
gastroc. removed triceps triceps biceps of the 
removed after after removed after which removed after gastroc. 
decerebration 50mins. decerebration remained decerebration during 
but prior to stimulation but — to in situ during‘ but prior to which 
stimulation with load stimulation of stimulation stimulation of its nerve 
of the right of 150 g. the gastroc. of gastroc. the gastroc. was cut 


% dry matter 24-16 20-58 23-29 23°7é 24-94 24-91 


% water 75°84 79-42 76-71 3°28 75-06 75-09 


Phosphatide P,O, 0-20 0-19 0-21 “22 - 
% of dry matter 
Total acid-soluble P,O; 1-94 1-96 2-04 1-88 1-86 
% of dry matter 
Inorganic phosphate P,O; 0-89 ° 0-89 0-80 0-87 
% of dry matter 
Inorganic phosphate plus 1-45 . 1-44 
lactacidogen P,O, 
% of dry matter 
Lactacidogen P,O, 
% of dry matter 
Acid-soluble organic P,O; 
other than lactacidogen 
% of dry matter 
Nucleoprotein P,O; 0-19 . 0-14 
% of dry matter 
Total PO; % of dry matter 2-33 2-26 2-39 


Table VI. Hap. 11. Male Cat. 3-9 kg. 
Right triceps Right 
Left removed after Left biceps 
triceps 1 hr. stimu- biceps removed 
Left Right removed after lation of removed after after 
gastroc. gastroc. decerebration theright decerebration the 1? hr. 
removed after removed but prior gastroc. but prior stimulation of 
decerebration after 1} hr. to stimu- during tostimu- the gastroc. 
but prior to stimulation lationof which time lation of but with 
stimulation with load the right its nerve the right its nerve 
of right of 150g. gastroc. was cut gastroc. intact 


% dry matter 24-48 23-75 23-47 24-37 24-31 25-35 
4 water 75-52 eed 76-53 75-63 75-69 74-65 
Phosphatide P,O, . = 

°% of dry matter 
Total acid-soluble P,O, 
% of dry matter 


) 


1-28 1-25 


0-56 0-55 0-48 0-38 


0-49 0-60 0-60 0-61 


0 


1-94 1-92 1-84 


Inorganic phosphate P,O, 0-99 0-93 


% of dry matter 
Inorganic phosphate plus 1-24 “2% 1-25 
lactacidogen P.O; 
% of dry matter 
Lactacidogen P,O, 
% of dry matter 
Acid-soluble organic P,O; 
other than lactacidogen 
% of dry matter 
Nucleoprotein P,O; 


% of dry matter 


Total P,O, % of dry matter 
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Exp. 11. 1/400 g. atropine sulphate was injected in this experiment. The 
blood was drawn before and after stimulation from the great saphenous veins 
of the left and right sides respectively. Of the resting muscles the triceps 
had its nerve supply cut whilst the right sciatic nerve was stimulated for 
1? hours. In other respects the procedure was the same as in the previous 
experiment. 


DISCUSSION OF THE RESULTS. 


Constancy of Composition. Exp. 1 demonstrates that corresponding muscles 
under like conditions have the same distribution of phosphorus and the same 
water content. Many others of this type were carried out with like result. It 
may be assumed that equality of distribution is the rule. 

The Water Relation of Striated Muscle. From Exp. 8, it was observed that 
the water content of an unexercised muscle remaining in situ under the con- 
ditions stated, for a period of 1? hours, decreased by 1 %, and further, this 
decrease was independent of the integrity of the nerve supply (motor). Several 
interpretations were possible. The surgical shock may have caused a slight 
but immediate rise in the water content, due to a dilatation of the blood 
system in the muscle, and 1—2 hours later this may have returned to normal. 
Again the “plastic tonus” of decerebration, developing subsequent to the 
removal of the first series of muscles, may have caused a decrease in the 
volume of blood in the remaining muscles. 

The possibility that these changes may have been due to the exhibition 
of atropine was, in part, negatived by the fact that they were found in Exp. 7, 
where the drug was not administered. 

Whatever the cause of this effect may be, it occurs in the resting triceps 
and biceps independent of any stimulation of the leg muscles. In one experi- 
ment alone (10), where 1/200 g. atropine sulphate had been injected, did the 
integrity of the nerve supply affect the result. 

The 4-5 % increase in the water content of the muscle after fatigue agreed 
with the figure obtained by Barcroft and Kato [1916] although these authors 
stimulated for a period of 7? hours. The factor responsible for this swelling 
of the fatigued muscle is probably, in large part, the filling out of the collapsed 
capillary system during exercise [Krogh, 1919]. 

The Total Phosphorus Content of Muscle. Fatigue of muscles to the extent 
described left the total phosphorus practically unaltered. 

Phosphorus in the Total Acid-soluble Fraction. This moiety remained appar- 
ently constant even after fatigue. The small changes noted, though within 
the range of experimental error, yet pointed consistently in the direction of 
a slight increase on fatigue (1-2 %). 

Inorganic and Lactacidogen Phosphorus. This group remained the most 
constant in amount in the varied muscle states. 

Inorganic Phosphate. The outstanding feature was the marked increase in 
the fatigued muscle due to the breakdown of “lactacidogen.”’ In some of the 
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experiments a 34 % increase was noted. From the figures in Table III, it 
was found that under the conditions described there was a consistent but small 
decrease of 2-4 °% in the inorganic phosphate of resting muscles 1? hours after 
decerebration. This seemed to take place even although the motor nerve 







was severed. 





Table VII. Blood Analyses. 












Experiment =f cot 8 10 
i sian mS AW aaa ~ j om ans : acenmeni _ 
Time drawn ae ... } hour after de- 13 hour after de- 1 hour after de- After 50 minutes’ 
4 4 4 
cerebration cerebration cerebration but stimulation 






before stimulation 








Vessel blood drawn from Great saphenous Inferior vena cava Great saphenous Inferior vena cava 
vein vein 

Inorganic phosphate PO, 16-8 15-9 12-7 27-6 

as mg. °%, whole blood 

Total acid-soluble P,O; 33-4 34-1 35-4 48-6 





in mg. % whole blood 






Total P,O; in mg. % 52-2 
whole blood 






















Experiment ae: = 1] 7 
——_———_———_ womens — cr — eucremmmmemnnend ts _ ~ 
Time drawn... .. } hour after de- After 1} hours’ + hour after de- After 45 minutes’ 
cerebration but stimulation cerebration but stimulation heart 
before stimulation before stimulation had just stopped 
Vessel blood drawn from Great saphenous Great saphenous Great saphenous Heart 
vein vein vein 
Inorganic phosphate P,O; 13-2 23-5 26-2 48-6 
as mg. % whole blood 
Total acid-soluble P,O; 31-2 34-9 - — 
in mg. % whole blood 
Total P,O; in mg. % 42-4 53°5 — — 
























whole blood 


On superimposing stimulation on these conditions, the effect on the resting 
muscles was still further to decrease the inorganic phosphate in some cases 
by as much as 11%. With one exception (Exp. 10), similar results were 
found where the resting muscle had had its nerve severed. In Exp. 10 a 2 % 
increase was found in the biceps with its nerve cut. This effect may have 
been due to the relatively large dose of atropine administered. 

The question of assessing to what extent changes in the blood phosphorus | 
might affect the estimations of that element in muscle presented itself. On 
calculation it was found that only in the case of the oedematous fatigued 
muscle can the changes in the blood appreciably affect that of muscle, and 
even in this state of the muscle, the extent of the possible change comes 
within the range of error. Again the changes in the blood to some extent reflect 
the changes in the muscles. 

“* Lactacidogen” P,O;. Exp.8 demonstrated that the content of lactacid- 
ogen remains practically constant. In the non-stimulated muscle, an increase 
of 0-38-0-43 °% of the dried tissue was found in the resting biceps with the 
nerve supply cut. On superimposing stimulation on these experimental con- 
ditions, it was found that there was a very marked decrease of lactacidogen 








—a 
utes’ 


cava 


~—, 
ites’ 
eart 
ved 





PHOSPHORUS AND FAT IN MUSCLE 907 


amounting to 60 % in some experiments. On the other hand, the effect of 
exercise was to cause an increase of 20-50 % in the other resting muscles. 
With the one exceptional case in Exp. 10, this increase was found to be inde- 
pendent of the integrity of the nerve supply. 

This increase of lactacidogen in the resting musculature was interesting 
as suggesting a possible synthesis of that compound at the expense of the 
inorganic phosphate already present. Another explanation is possible, namely, 
that the effect of the surgical shock was immediate, wearing off 1—2 hours later, 
and that while it lasted, it caused a breakdown of lactacidogen with the 
liberation of inorganic phosphate. 

Acid-soluble PO; in Organic Form other than “ Lactacidogen.” It was found 
that this moiety remained very constant in the resting phase and exercise 
left it practically unchanged. This fraction representing 25 % of the total 
PO; is unexplored. 


Table VIII. Fat Analyses. 


Fat expressed as % of dried substance 
A 





i. ——s 
Right 
Left Right Left triceps 
gastrocnemius gastrocnemius triceps non-stimulated 
Exp. R. F. R. in situ 
10 4-58 4-60 4-43 4-34 
9 8-97 8-91 7-78 7-89 
7 8-87 8-75 9-00 9-05 
2 7-75 7-35 — — 
R. =resting. F, = fatigued. 


Fat and Phosphatide Content of Muscle. From the analyses found in 
Table VIII it will be seen that in three out of the four experiments described, 
there has been a slight decrease on fatigue. In Exp. 10 the content remained 
practically constant. These differences however, though tending in the same 
direction, come so nearly within the range of experimental error, that a 
definite conclusion cannot be reached. 

With regard to the phosphatide phosphorus, exercise for the periods 
described has not caused any change in its amount. 

The data then show practically no evidence of the utilisation of fat or 
phosphatide in muscle work under the experimental conditions observed, but 
this does not negative the possibility that these substances may be utilised 
after the exhaustion of the available carbohydrate. In none of these experi- 
ments was the lactacidogen content of the fatigued muscle completely used up. 

The Changes in the Distribution of the Phosphorus in the Blood. Kay [1925] 
has classified the phosphorus compounds of the blood under the following 
headings: inorganic phosphate, probably two hexosephosphoric esters, an 
adenine nucleotide [Jackson, 1924] and lecithin. Practically no change takes 
place in the blood unless muscular exercise is superimposed on the conditions 
described (Exp. 8, Table VII). 


Bioch. x1x 
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In assessing the changes that take place on fatigue, a number of factors 
tend to obscure the issue. Schneider and Havens [1915] found that the im- 
mediate effect of exercise was a concentration of the blood in the peripheral 
capillaries, but, in a few minutes the blood was diluted. The increased 
content of phosphorus in the blood found in Exp. 11 may be due to this 
peripheral concentration alone, or to this factor accompanied by an actual 
increase in the circulating phosphoric compounds. There is a very definite 
increase in the inorganic phosphate of the blood on exercise (see Exps. 7, 10 
and 11). This is probably due to the washing out of that metabolite from 
the active muscles into the circulation. The total acid-soluble phosphorus 
increases to a small extent. This may be due either to the concentration of 
the blood or to an increase in the corpuscles, or to both factors. The authors 
mentioned above found an increased erythrocyte count, whilst Isaacs and 
Gorden [1924] found the red corpuscles unchanged after exercise. The increase 
in Exp. 10 is probably due to the fact that the blood was drawn after exercise 
from the abdominal veins where there may be some accumulation of cells. 
The fact that the total acid-soluble P,O; does not increase proportionally 
with the rise in inorganic phosphate, suggests either that the organic acid- 
soluble compounds have been removed in part, or have been split up in the 
circulation with the liberation of morganic phosphate. The active muscle, 
having exhausted its reserve of lactacidogen, may call on the hexosephosphates 
or other phosphorus compounds of the blood, when no further synthesis from 
its own substance is taking place commensurate with the demands made. 










































SUMMARY. 


1. An experimental procedure has been developed for the examination of 
the effect of fatigue on the phosphorus content of muscle. 

2. A few suggestions relating to the estimation of phosphorus in different 
tissues and extracts have been put forward. 

3. Muscle fatigue to the extent described appeared to cause: 

(a) Practically no change in the total P,O,. 

(b) An increase in the inorganic P,O; of the stimulated muscle, the maxi- 
mum increase found being 34 %. A decrease in the inorganic P,O, of resting 
muscles remaining im situ during the stimulation period was found; the 
maximum decrease noted was 11 %. 

(c) A decrease in the lactacidogen P,O, in the fatigued muscle amounting 
in some experiments to 60%. An increase in the lactacidogen P,O; of 
20-50 °%% was found in the muscles resting in situ. 

(d) No alteration in the total amount of inorganic plus lactacidogen P,O;. 

(e) Little or no effect on the organic acid-soluble P,O,; other than lact- 
acidogen. 

(f) A consistent but small increase (1-2 %%) in the total acid-soluble 
fraction. 

(g) No alteration in the phosphatide P,O,. 
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4. The effect of fatigue on the phosphorus compounds of the blood was 
found to cause: 

(2) An increase of the inorganic P,O;. A 100% increase was recorded 
after 50 minutes’ stimulation. 

(6) An increase in the total acid-soluble P,O,; (12-37 %). 

(c) A decrease in the organic acid-soluble PO, (7-36 %). 

5. An increase of 4-5 % in the water content was noted after stimulation 
of a muscle for 45 minutes. 

6. The phosphorus-containing proteins of skeletal muscle belong to the 
nucleoprotein group. 

7. An attempt to settle the question of the utilisation of fat and phos- 
phatide in muscle work was undertaken with essentially a negative result. 
No “masked fat” was found to remain after a thorough alcoholic and ethereal 
extraction of the muscle tissue. 


In conclusion I wish to express my thanks to Professor E. P. Cathcart not 
only for suggesting this study, but for his advice, criticism and inspiring 
enthusiasm throughout. To Professor D. Noél Paton for his kindly interest 
and advice in the operative technique, to Mr Watson and the others who so 
willingly gave of their time, and under whose licences the experiments were 
conducted, I desire to express my thanks. 

I am grateful to the Carnegie Trust for a grant in aid of this research. 
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In a previous paper, Clutterbuck and Raper [1925] have shown that when 
the ammonium salts of fatty acids are oxidised with hydrogen peroxide, 
oxidation, besides taking place at the B-carbon atom, as described by Dakin 
[1908, 1, 2, 3], also takes place at the y- and d-carbon atoms. The y- and 
5-keto-acids formed in this way, on further oxidation, yield succinic acid. 
Since succinic acid occurs in the body in various tissues, and an enzyme, 
succinoxydon, capable of oxidising it, is widely distributed in animal tissues, 
it seemed possible that the process described above, which takes place in 
vitro, might be of biological importance. Little is known about the mode of 
production of succinic acid in the body and the experiments mentioned above 
suggested that oxidation of fatty acids at the y- or 5-carbon atom might be 
one means by which succinic acid arises in metabolism. The experiments 
described in this paper are among several which have suggested themselves 
as likely to throw light on this hypothesis. 

It was thought that if a fatty acid with a normal chain of four or more 
carbon atoms were substituted in the f-position by a phenyl group, so as to 
render the B-carbon atom less accessible to oxidation, then phenylsuccinic 
acid should be produced if y oxidation, with removal of four carbon atoms, 
took place. 

C,H; C,H, 
—CH,—CH—CH,—COOH —> HO0C_CH—CH, COOH 

If phenylsuccinic acid is not easily oxidised in the body then it should 
be excreted in the urine if it were produced as pictured above. Administration 
of phenylsuccinic acid to a dog (dose 0-22 g. per kg.) showed in fact that it 
was not easily oxidised, since 61 % of the amount given was recovered from 
the urine. The main experiment was therefore undertaken. The acid chosen 
was B-phenylhexoic acid, which, if it were oxidised at the y-carbon atom, 
would produce acetic acid and phenylsuccinic acid. 

C,H, C,H; 
CH,—CH,—CH,—CH—CH,—COOH -> CH,COOH + HOOC—CH—CH,—COOH 
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On administering this acid subcutaneously in the form of its sodium salt, 
45 % of it was recovered from the urine chiefly as a compound with glycuronic 
acid, but not a trace of phenylsuccinic acid could be detected. The amount 
of unoxidised acid was probably greater than this since the method of isola- 
tion of the acid from the urine is not strictly quantitative. It appears there- 
fore that B-phenylhexoic acid is oxidised with difficulty in the body and that 
phenylsuccinic acid is not one of its oxidation products. It seems probable 
therefore that in this instance y-oxidation does not take place. Other experi- 
ments which have been designed to answer the question are being taken in 
hand. 


EXPERIMENTAL. 


Phenylsuccine Acid. 

The specimen used! was prepared by the method of Lapworth and McRae 
[1922]. It was converted into the sodium salt and an amount of this con- 
taining 1-4 g. of the acid was injected subcutaneously, on each of two succes- 
sive days, in 10 % solution into a dog weighing 6-5 kg. The urine was collected 
from the time of the first dose to 48 hours after the last dose had been given. 
The urine, concentrated on the water-bath, was acidified with phosphoric acid 
and shaken out with ether and then extracted with the same solvent for 
18 hours in a continuous extractor. On removal of the ether a crystalline 
mass was obtained. This was extracted several times with warm light petro- 
leum, to remove traces of higher fatty acids, dissolved in hot water, clarified 
with charcoal, evaporated to small bulk and left to crystallise. In this way 
1-71 g. of practically pure phenylsuccinic acid was recovered, M.P. 167°, 
equivalent 96-9 (calc. 97). The ether extract of the urine obtained by con- 
tinuous extraction contained a small amount of an acid much less soluble 
in cold ether than phenylsuccinic acid. It was separated from the latter acid 
by means of a little warm ether and melted at 140-2°. It was not phen- 
aceturic acid since a mixed M.P. determination caused the m.P. to drop to 
110-17°. The amount obtained was too small for further investigation. In 
this experiment, therefore, 61% of the phenylsuccinic acid given was re- 
covered from the urine. The recovered acid, examined in 4-3 % solution in 
alcohol, was optically inactive. 


B-Phenylhexoic Acid. 


This acid was prepared by condensing butyrophenone with bromoacetic 
ester in dry benzene solution using a modification of the Reformatsky [1887] 
and Lindenbaum [1917] methods. 

The crude f-phenyl-f-n-propylhydracrylic ester thus obtained was 
gradually dissolved in sulphuric acid and poured on to ice [Schroeter, 1907, 
1908]; B-n-propylcinnamic acid separated and was recrystallised from light 
petroleum. The acid was neutralised with sodium hydroxide and reduced in 


1 This was kindly presented to us by Professor Lapworth. 
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the usual way with sodium amalgam. The crude f-phenylhexoic acid was 
recovered by. acidification with hydrochloric acid and extraction with ether. 
It was dried and fractionated in vacuo. The acid was collected at 187—9° 
(20 mm.). Equivalent 188-5 (calc. 192). The glycine compound was pre- 
pared in case it might be required for purposes of identification. The acid 
chloride was prepared from a small portion of the acid by the action of 
phosphorus trichloride and converted into the glycine compound by the 
Schotten-Baumann method. A little unchanged acid was removed from the 
product of this reaction by extraction with light petroleum and the f-pheny]- 
hexoylglycine crystallised from aqueous alcohol. m.p. 131°. (N = 5-7 %, 
C,,H,,0,N requires N = 5-6 %.) 

The same dog which had received the phenylsuccinic acid was given, 
subcutaneously, 1-5 g. of the B-phenylhexoic acid as the sodium salt in 10 % 
solution on each of two successive days. It produced no ill effects. The urine, 
collected for the succeeding 72 hours after the first dose, was worked up as 
in the experiment with phenylsuccinic acid. The ether extract of the acidified 
urine on evaporation left a straw-coloured syrup. It was extracted several 
times with warm light petroleum and this removed some unchanged acid 
together with traces of higher fatty acids. The latter were removed as in- 
soluble barium salts and the unchanged acid recovered by acidification and 
extraction with light petroleum. That portion of the original ether extract 
which was insoluble in light petroleum failed to crystallise and inoculation 
with a trace of phenylsuccinic acid failed to bring about crystallisation. Since 
it reduced Fehling’s solution slightly on boiling, the presence of a glycuronic 
acid compound was suspected. The syrup was therefore decomposed by 
boiling for 6 hours with N/50 sulphuric acid and again extracted with ether. 
The greater part of the ether extract was soluble in light petroleum and con- 
sisted of unchanged f-phenylhexoic acid. That part which was insoluble in 
light petroleum was boiled with 20 % hydrochloric acid and yielded a little 
more acid soluble in light petroleum. In all 1-36 g. of unchanged acid was 
recovered. Equivalent 196 (calc. 192). The aqueous solution obtained by 
hydrolysis with N/50 sulphuric acid after ether extraction was neutralised 
with sodium hydroxide and concentrated to about a tenth its volume on 
the water-bath. The solution thus obtained reduced Fehling’s solution 
strongly on heating, gave the orcinol reaction and a crystalline osazone 
which could not be recrystallised owing to decomposition. All these pro- 
perties being characteristic of glycuronic acid there is no doubt that the 
unchanged acid was present in the urine largely as an ether-soluble glycuronic 
acid compound. The unchanged acid recovered, as described above, was 
optically inactive. It amounted to 45 % of that administered. 
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SUMMARY. 


1. Phenylsuccinic acid administered subcutaneously to a dog was excreted 
unchanged in the urine to the extent of 61 %. 

2. B-Phenylhexoic acid administered similarly was excreted partly un- 
changed and partly as a glycuronate; 45 % of the acid was recovered in this 
way. Phenylsuccinic acid was not detected as one of its oxidation products. 


3. These observations indicate that B-phenylhexoic acid does not undergo 
y-oxidation in the body since this should lead to the formation and excretion 
of phenylsuccinic acid. 


We are indebted to the Government Grant Committee of the Royal Society 
for a grant in aid of the expenses of this investigation. 
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INTRODUCTION. 






It is a well-established fact that the calcium concentration of blood remains 
at a very constant level, and that no measurable effects are produced by 
feeding rations with abnormally high contents of calcium. Recently Stewart 
and Haldane [1924] have claimed that the calcium content of human blood 
serum can be altered, within limits, by the oral ingestion of large quantities 
of certain salts. The objects of the experiments recorded below were to 
ascertain whether similar alterations could be effected in the calcium content 
of the blood plasma of lactating cows, and to discover what alterations, if 
any, were induced in the composition of the milk by this means. 

The animal selected for the experiments was a white Shorthorn heifer; 
she weighed approximately 500 kilograms, and at the commencement of the 
experiments was in her- fifteenth week of lactation, yielding 13 lbs. of milk 
per day. 

Each experimental period was of about one week’s duration, the animal 
being given sufficient time between the experiments to allow of recovery to 
normal. 

The salts used were: (1) for raising the plasma calcium content, calcium 
chloride and ammonium chloride; (2) for lowering the plasma calcium con- 
tent, sodium bicarbonate and disodium hydrogen phosphate (Na,HPO,). The 
salts were given in solution as “drenches,” the doses being spread over a period 
of six hours (10 a.m. to 4 p.m.). 

During the experimental periods, the cow remained on a normal daily 
ration, which consisted of 3} Ibs. seeds hay, 30 Ibs. silage, 20 lbs. marrow 
stem kale, 50 Ibs. mangels, and 23 lbs. concentrates. This ration contains 
approximately 4 ozs. of CaO and 3 ozs. of P,O;. 

For convenience we have divided the results into two sections, the first 
showing the effect of the various salts on the calcium content of the blood 
plasma, and the second, their influence on the composition of the milk. 
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Catctum ConTENT OF BLOOD PLASMA. 


The method of analysis employed has been published elsewhere [Little 
and Wright, 1925]. 

A summary of the results obtained is shown in Table I, and in Table I 
these results are compared with those obtained by Stewart and Haldane on 
a human subject. 


Table I. Alteration in the Calcium Content of Cow’s Blood Plasma. 


Weight of cow, 500 kilograms. 
Normal calcium content of plasma, 9-8 mg. per 100 g. 
mg. Ca 
per 100 g. 

Experiment* Blood sample taken plasma 
Day 1. CaCl, 6 02. Next morning 9-6 
Day 2. ie 12 oz. m 10-1 
Day 1. NH,Cl 8 oz. — — 
Day 2. *” 16 oz. 6.0 p.m. same day 7°35 

Next morning 8-4 

Day 1. NaHCO, 6 oz. Next morning 9-8 
Day 2. ee 12 oz. — — 
Day 3. .” 24 oz. 5.0 p.m. same day 9-8 
Day 1. Na,HPO, 32 oz. 8.0 p.m. same day 9-0 


* All doses given between 10.0 a.m. and 4.0 p.m. 


Table II. Comparison of Results. 


Dose (g. per kg. Percentage rise 
body-weight) or fall 
cn rw, oon" 
Salt Human Cow Human 


CaCl, 0-30 0-36 +25 
— 0-72 — 
NH,Cl 0-25 0-48 +10 — 
— 0-96 _- — 24 
NaHCO, 0-60 0-36 — 20 +0 
— 0-72 — — 
-- 1-44 -—— -0 
Na,HPO,* 0-60 1-90 — 20 -8 


* Private communication from Dr J. B. 8. Haldane. 


It will be seen that none of the results is in agreement with those recorded 
by these two workers. The results are the more striking since in our experi- 
ments doses were given which were proportionately and actually far in excess 
of those quoted by them as adequate to produce marked alterations in the 
serum calcium content. 

At present it is impossible to explain this discrepancy. The results ob- 
tained by us can hardly be attributed to analytical errors, for very great care 
was taken to guard against these: the quantities of plasma at our disposal 
(varying from 15 to 25 g.), and the good agreement of duplicate determina- 
tions were alone sufficient to preclude the possibility of errors of such mag- 
nitude. From this point of view the use of a cow as an experimental animal 
was of considerable advantage. 
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Further, the more complete results shown in Fig. 1 demonstrate the very 
consistent results obtained throughout each experimental period. 

It appears possible that the different morphology of the alimentary tract 
of the cow and the different nature of the diet may be responsible for these 
contradictory results, though such an explanation cannot account for the 
action of the ammonium chloride. It is also possible that the cow has de- 
veloped a more efficient mechanism for controlling the level of calcium in 
the blood, since she is liable to continual loss of large quantities of caleium 
in the milk. In any event, our work demonstrates that the calcium content 
of the blood plasma of a lactating cow cannot very easily be altered. This 
result is contrary to those obtained by Stewart and Haldane for the human 
subject. 


6 oz. 12 oz. 


-0---e—-_--¢---5---_ ------_- 
e 





Salt Plasma 1 ie 6 64 8 ge Fe 


administered calcium ’ , renew 
coment Days of experiment 


Fig. 1. Effect of administration of salts on the calcium 
content of the blood plasma. 


(Dotted line represents norma] value.) 


YIELD AND CoMPOSITION OF MILK. 


In three of the four experimental periods (dosage with calcium chloride, 
sodium bicarbonate, and disodium hydrogen phosphate) there were no signi- 
ficant alterations either in the yield of milk or in those constituents of the 
milk which were estimated, 7.e. fat, total protem, caseinogen, lactose, ash and 
calcium (Figs. 2 and 3). With regard to other inorganic constituents we have 
no direct evidence. Measurements have been made of the time of coagulation 
of milk with rennet, a reaction which we should expect to be a delicate 
measure of alterations in the “‘salt balance” in milk. In no case were there 
any significant alterations in renneting time. There were also no alterations 
in reaction, as judged by colorimetric tests with bromocresol purple indicator. 

In the third period (dosage with ammonium chloride) the changes were 
profound. The following are the notes recorded during this experimental 
period. 
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. 2. Effect of administration uf (A) CaCl,, (B) NaHCO,, (C) Na,HPO,, 
on the yield and composition of milk. 


Milk yield (lbs. per week) 


10 15 20 25 30 
Weeks from calving 


Fig. 3. Lactation curve, showing effect of administration of salts 
on milk yield. 
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“The first day was kept as a control, and no dose given. 
““No adverse effects were observed after ingestion of 8 ozs. on the second 
day (March 17th, 1925). 

“On the third day (March 18th) doses were given as follows: at 10 a.m. 
6 ozs., at 12 noon 6 ozs., at 2 p.m. 4 ozs. At 3 p.m. the cow showed signs of 
discomfort. She refused food, was breathing rapidly, and would not rise. 
At 5.30 p.m. she was still unable to rise and was obviously distressed. At 
7.30 she had risen but was not comfortable: there was profuse urination. 
The milk yield was reduced from 4 Ibs. to less than } lb. The following 
morning (March 19th) she was up, but off her feed; her eyes were glazed, but 
sight appeared normal: the milk yield was almost entirely suppressed. The 
following day (March 20th) she appeared easier; breathing was normal: the 
eyes appeared weak, and the left eyelid was swollen. The milk yield was 
increased. From this time there was a gradual recovery both in condition 
and in milk yield.” 


8 oz. 16 oz. 


a || 
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1 2 3 4 5 6 7 8 9 10 
Days of experiment 
Fig. 4. Effect of administration of NH,Cl on yield and composition of milk. 
It will be noted that on the third day, after ingestion of the large dose 
(16 ozs.) of ammonium chloride, the milk yield fell to a fraction of the normal 
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figure (Fig. 4). The composition of the milk, however, remained normal, 
except for the fat which was slightly low. During the next five milkings, the 
yield remained low (varying from } to 1? lbs.), but the composition was 
entirely altered. The fat, protein and ash rose to a maximum at the time of 
the fourth milking (in which the fat reached 17 % and the protein 7-5 %), 
but subsequently returned to normal as the milk yield increased. The lactose 
on the other hand fell to a minimum at the third milking, and then slowly 
returned to a normal value. 

The explanation of these facts is not clear, but the following suggestions 
are put forward to account for the observed results. The immediate conse- 
quence of the heavy dosage was a complete disorganisation of normal meta- 
bolism, which resulted in a partial suppression of milk yield, but which 
caused no alteration in the composition of the small quantity which was 
secreted. In the two following days, although the quantity of milk secreted 
had increased, the ammonium chloride exerted its influence as a dehydrating 
agent [Haldane, Hill and Luck, 1923], and caused by the removal of water 
a concentration of the constituents of the milk to the extent shown in Fig. 4. 
The lactose, which is easily diffusible, was re-absorbed into the blood stream, 
and actually appeared in the milk in lower concentration than normal. 

The whole experiment indicates, however, that the methods employed are 
useless for the purpose for which this part of the work was undertaken, 1.e. 
the correlation of the calcium content of blood and milk. 

In the first three periods of the experiment (dosage with CaCl,, NaHCO, 
and Na,HPO,), although very considerable quantities were given, the results 
proved negative: in the fourth period (dosage with NH,Cl) the interference 
with normal metabolism was so great as to cause suppression of milk yield 
and gross alterations in composition, with consequent vitiation of results. 


SUMMARY. 


Attempts have been made to alter the calcium content of the blood plasma 
of a cow by means of large oral doses of certain salts, and the effect of these 
salts on the composition of the milk has been studied. 

The results indicate (a) that it is extremely difficult to alter the plasma 
calcium content by these means, and (b) that it is impossible by such means 
to effect any alteration in the composition of the milk. 

With ammonium chloride (16 ozs.) the severe disturbance of normal meta- 
bolism, and the dehydrating action of the salt, caused an almost complete 
suppression of milk yield, accompanied in its later stages by a temporary 
increase in the concentration of the constituents of the milk. 
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In the series of experiments here recorded two dogs were used, their fasting 
blood-fat being observed for at least one month before the injections of 
insulin were begun. These preliminary observations were to ascertain the 
range of normal variation that could exist in these animals consistent with 
good nutritional condition, so that, knowing this range, it would be possible 
to evaluate correctly any unusual blood-fat values that might occur. Shortly 
after the commencement of these observations, it was found that one of the 
animals, Dog II, was pregnant, so that for some time she was an unsuitable 
subject for the injection of insulin. Her fasting blood-fat was, however, 
observed concurrently with that of the other dog, so that an opportunity was 
available for comparing the blood-fat of pregnancy with that of a normal 
animal of the same sex under similar dietetic conditions. The fasting blood-fat 


values for Dogs I and II are given in Table I. 


Table I. Fasting blood-sugar, total fat, and cholesterol. 


Blood-sugar Total fat Cholesterol 
mg. % mg. % mg. % 
eS en ct eat io cant 
Date Dog I Dog II Dog I Dog II Dog I Dog II 
18. ii. 25 110 99 392 489 218 219 
24. ii. 25 98 — 403 372 _ — 
5. iii. 25 “= 132 474 518 226 231 
10. iii. 25 — 119 530 530 231 211 
11. iii. 25 - = 815 1056 _: 269 
13. iii. 25 —_ 126 656 1056 288 308 
17 iii. 25 147 121 471 764 256 256 
19. iii. 25 =~ 131 582 823 . 228 255 
20. iii. 25 103 103 719 808 256 245 
21, iii. 25 118 118 675 872 231 260 
23. iii. 25 131 101 622 1035 324 350 
24. iii. 25 129 86 760 930 306 308 
25. iii. 25 124 114 323 427 253 285 
26. iii. 25 Dog II whelped 
13. iv. 25 135 116 658 616 272 260 
14. iv. 25 “= oo 483 602 239 225 
15. iv. 25 115 108 468 687 240 270 
17. iv. 25 123 110 420 414 289 265 
18. iv. 25 117 110 503 531 263 241 


The values included under the term “total fat” include all the fatty acid 
present in the blood, no matter from what source, along with the cholesterol, 
as determined by Bloor’s nephelometric method [1914]. The cholesterol was 
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estimated by the colorimetric method of the same author [1916], blood-sugar 
by the Folin-Wu technique [1919]. It will be noted that the total fats of 
Dog II were considerably higher than those of Dog I until the termination 
of pregnancy, but became more nearly comparable with those of Dog I after 
parturition. The increase was most marked in the total fat, whilst the chol- 
esterol, although generally slightly higher, did not show such a marked in- 
crease. In both cases, however, there were considerable fluctuations in the 
blood-fat level. The changes observed show a striking similarity to the changes 
noted in a case of xanthomatosis complicated by diabetes insipidus [Turner, 
Davidson and White, 1925]. In that case, however, the fluctuations were 
much more extensive, a great exaggeration of what are probably normal 
variations. Oshima [1907] found from ultramicroscopic evidence an increase 
of fat in the blood of the pregnant guinea-pig, whilst Coope and Mottram 
[1914] found in late pregnancy and early lactation the liver-fat in the rabbit 
increased, and Dixon and Marshall [1924] showed that the. pituitary was 
more active in the later stages of pregnancy, a series of observations that fall 
into line with the later findings of Coope and Chamberlain [1925] that pituitrin 
caused an increase in the fat of the liver, and with the definite signs that can 
be observed histologically in the gland itself [Daunois and Mulon, 1903]. 

To return now, to the experiments proper: they may be divided into four 
groups: (1) two experiments in which crude pancreatic extract was used, 
(2) five experiments in which insulin (Allen and Hanbury’s) was injected 
subcutaneously, (3) two experiments in which 10 % glucose was given alone, 
and (4) six experiments in which insulin was given along with carbohydrate. 
No observations were made of the respiratory metabolism during these ex- 
periments, since the taking of blood, in the amounts required, would have 
vitiated the results. 

Previously to determining the action of insulin on the fasting blood, ex- 
periments were carried out to see whether the blood-fat underwent any im- 
portant change during the period the animal would be under observation, 
namely, during the four hours after a fast of 18 hours’ duration. The changes 
observed were so slight as to be negligible. 

The crude pancreatic extract used in the two following experiments was 
prepared in the laboratory, and had been proved to contain insulin by the 
marked lowering of the blood-sugar that ensued in a rabbit after its injection. 
The preparation was simply the precipitate of the pancreatic extract from 
93 % alcohol, kept in vacuo without further purification. 0-4 g. of this, dis- 
solved in 10 cc. of distilled water, was injected into each dog. The results 
are given in Table II. 

The response of Dog I to the crude extract was irregular as far as the 
total fat was concerned, but the average total fat for the six hours of the 
experiment was 10% higher than the fasting level, despite two readings 
below the primary level. The cholesterol in this case showed a steady and 
prolonged fall. A similar fall was noted in the second and pregnant dog. 
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The total fat in this latter animal, however, fell and remained considerably 
lower than the fasting value throughout the rest of the experiment. The 
blood-fat of this animal, nevertheless, was always higher than that of the first 
dog during the day on which these experiments were performed. In the 
experiments that followed those given above, in which commercial insulin 
was used, the changes in the cholesterol level were never of the extent found 
in Table IT. 
Table II. Crude pancreatic extract and the blood-fats. 


Time after the 
injection of Blood-sugar Total fat Cholesterol 
0-4 g. comm. mg. % mg. % mg. % 
insulin —"—S —_—_——“ —_—_—_—— 

Hours Dog I Dog II* Dog I Dog II Dog I Dog II 

0-0 124 126 323 1056 252 308 

0-5 94 106 382 812 252 260 

1-0 93 — 255 — 241 

1-5 99 —_ 468 — 238 
2-0 91 104 243 5 227 
2-5 93 —_— 489 218 
3-0 — 104 —_ 7 —_— 
35 109 — 410 — 165 

4:0 103 —_ 363 170 

4:5 112 121 446 783 164 

55 110 —_ 309 —_ 160 

6-0 108 — 302 — 163 

* Dog II was pregnant at this time. 

(Reckoned per kg. of body weight Dog I received 34 mg. and Dog II 37 mg. per kg.) 

In all the experiments in which insulin was given alone there was a rise 
in the blood-fat, a rise affecting the total fat much more than it affected 
the cholesterol, and bearing no relation to the extent of fall in the blood- 
sugar, or to the time of onset of the fall. This absence of relation between 
the blood-sugar and the blood-fat is not a unique observation. Raper and 
Smith [1925] found that the fat migrated from the liver only in the extreme 
stages of insulin action. Similarly, McCrudden and Sargent [1918] found that 
in various pathological conditions the blood-cholesterol varied independently 


of the blood-sugar. Table III shows the results (in mg. %) obtained with insulin. 


Table III. The effect of insulin on the blood-fats, etc. 


Insulin in 
units Time in hours. after the injection of insulin 
Exp. -——— — A — 
No. per kg. Total 00 05 10 415 20 25 30 35 40 45 
] 1-67 20 Total fat 656 824 — 798 — — 789 — — 1770 
Cholesterol 288 319 — 264 — - 241 — — — 
0-83 10 Sugar 132 102 59 - 56 67 «63 
Total fat 592 838 818 - 701 661 
Cholesterol 265 252 250 238 2 244 
0-83 10 Sugar 115 63 60 : 62 16 98 
Total fat 468 671 570 423 ¢ 712 
Cholesterol 240 229 249 227 «21% 251 
0-60 Sugar 102. 38 2 40 42 85 89 
Total fat 453 356 470 405 616 
Cholesterol 270 263 - 2 266 —- 247 267 
0-42 Sugar 133 121 66 68 86 
Total fat 438 447 431 508 698 
Cholesterol 227 215 214 213 219 
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In all these there was a definite rise in the blood-fat, the rise in the first 
two being immediate and prolonged, while in the third there was a preliminary 
rise succeeded by a fall to a value below the fasting level, and followed by a 
rise to an even higher level than was attained in the first stage of the action 
of the insulin, recalling the irregular rise obtained with the crude pancreatic 
extract in Dog I. The reasons for these variations are not evident. In the 
last two cases the rise in total fat was much later but still definite. The 
blood-sugar in all cases showed the usual response to insulin. The changes 
in cholesterol were not regular, a considerable fall being noted in the first 
experiment of the series, a fall not so extensive in the second and third 
experiments, whilst the variations in the fourth and fifth experiments all lay 
within the error of the method. 

Table IV gives the results obtained after the administration of 100 cc. 
of 10 % glucose solution per os. 


Table IV. Effect on the blood-fat of 100 cc. 10 % glucose per os. 
0-85 g. per kg. (Mg. %.) 


Time in hours after the ingestion of glucose 





00 05 10 15 20 25 30 35 40 
Sugar 112 191 178 105 9s — 104 ill 
Total fat 641 566 589 526 661 — 622 640 
Cholesterol 261 240 245 231 216 — 227 221 
Sugar 117 149 166 114 89 — 108 105 
Total fat 597 570 551 528 474 — 513 629 
Cholesterol 278 266 239 #232 216 « — 241 230 

The ingestion of glucose was accompanied by a fall in the total fat affecting 
chiefly the cholesterol fraction, while the secondary increase in total fat was 
in large measure due to an increase in the fatty acid fraction of the blood-fat. 
In an experiment in which glucose was given subcutaneously the preliminary 
drop in cholesterol was not so marked, but the total fat rose, the increase 
occurring in two stages. This change in the curve was in all probability due 
to the different rate of absorption of the glucose when given by this channel. 

The results obtained from the administration of insulin and glucose at 
different intervals are summarised in Table V. 

In these experiments the action of insulin on the blood-sugar was never 
abolished, although it might be delayed by the absorption of the glucose 
administered. In all but the first experiment there was a rise in the total - 
fat, the extent and time of onset of which varied considerably, being but 
slightly marked in the fourth experiment of the series. No relation could be 
observed between the different curves for sugar, fat or cholesterol during the 
period of experimentation, nor between the intensity of the hypoglycaemia 
and the rise of fat that occurred. The changes that occurred in the cholesterol 
values were not very significant in the majority of the experiments, 
although, in the first experiment recorded in Table V, in which the dosage of 
insulin was high and the glucose was given during the stage of clinical hypo- 
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glycaemia, there was a 20 % fall in the cholesterol in the second specimen, 
taken before the glucose was given. No definite explanation can be given 
for the changes in blood-fat that occurred in this same experiment. 


Table V. The effect of insulin and glucose on the blood-fat etc. (Mg. %.) 


Glucose 
 caaecceticmenae 
Insulin g. hours Time in hours after the injection of insulin 
Exp. units per after r A 
No. perkg. kg. insulin 0-0 05 1:0 1:5 2:0 2-5 3-0 
1 1-7 0-385 13 Sugar 1233 — — — 77 -- 
Total fat 591 — 598 496 -- 
Cholesterol 286 — 229 255 — 
0-85 10 Sugar 123 119 89 44 47 84 115 119 
Total fat 505 434 496 593 566 546 
Cholesterol 252 241 231 230 233 228 
0-85 7 . Sugar 132 105 71 63 32 58 66 60 
2: Total fat 383 362 355 375 431 400 
Cholesterol — 227 223 211 221 — 
0-60 2% : Sugar 108 144 98 43 59 73 17 
Total fat 438 467 380 418 368 318 
Cholesterol 233 236 252 221 226 226 244 
Sugar 132 141 108 82 74 9 78 — 
Total fat 414 363 366 468 492 — 
Cholesterol 236 226 224 211 216 — 
Sugar 126 152 104 66 62 74 82 
Total fat 266 342 320 347 2 350 353 
Cholesterol 190 198 195 181 177 197 
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Discussion. 


The results given in Tables II and III extend to the normal unanaesthe- 
tised dog the findings of Raper and Smith [1925] that insulin hypoglycaemia 
is associated with an increase in the blood-fat. It is known that in cases of 
diabetic lipaemia insulin may bring about a marked fall in the blood-fat. 
This, however, may be simply the result of the improved carbohydrate meta- 
bolism consequent on the administration of insulin and not so much a direct 
action. The findings recorded, however, only apply to the normal non-diabetic 
animal. Whilst dogs were the only subjects used in these experiments, in an 
experiment in which the writer was the subject it was found that insulin 
did not lower the blood-fat, at least during the stage of its action on the 
blood-sugar. There was a slight rise in the blood-fat just outside the limits 
of error of the method. The giving of carbohydrate along with the insulin 
or afterwards, did not markedly alter the action of insulin on the blood-fat. 
Conversely, the injection of insulin does not modify the blood-fat curve ob- 
tained after a meal containing fat and oatmeal [Hartmann, 1924]. The only 
experiment in which insulin per se was found in this series to cause a definite 
and prolonged fall in the blood-fat was one in which the animal was pregnant 
and crude extract was used. These two factors sufficiently complicated the 
problem to make any explanation doubtful. Whether this transport of fat 
from the liver to the muscles is a specific action of insulin or the result of the 
increased utilisation of carbohydrate cannot be definitely stated from the 
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evidence at present available. Observations on the respiratory metabolism 
do not tend to support the hypothesis of a direct action of insulin on fat, at 
least, as far as the ultimate oxidation of fat is concerned. An R.Q. above 
unity after the administration of insulin has been reported by Macleod [1924]. 
This was considered to be evidence of the conversion of carbohydrate into 
fat. Later experiments, however, have failed to confirm this. Further, no 
evidence has been brought forward to show that insulin causes an increased 
formation of fat apart from the increase that may be shown to occur as a 
result of increased transport of fat from the liver. The action of insulin on 
the blood-cholesterol was not marked except in those cases where crude 
insulin was used and where the decrease was probably partly, at least, due 
to the presence of impurities. With purer preparations the changes were less 
marked and indeed were in several cases within the error of the method. 
Certainly, when large doses were used, there was a definite fall in the blood- 
cholesterol. Nitzescu, Popescu-Inotesti and Cadariu [1924] report that sulin 
has no effect on the cholesterol content of the blood of the normal dog, but 
one cannot compare exactly the dosages employed in their experiments with 
those employed above. 
CONCLUSIONS. 


1. When insulin causes a marked hypoglycaemia in the normal dog this 
is, as a rule, accompanied by an increase in the blood-fat, an increase affecting 
the fatty acid more than the cholesterol, the extent and time of onset of which 
vary. 

2. The administration of glucose along with insulin, or later, does not 
seem to affect the changes in blood-fat brought about by insulin. 

3. The effect of insulin on the blood-cholesterol was, in the doses used in 
these experiments, not constant. 


The expenses of this research were defrayed by a grant from the Moray 
Fund, Edinburgh University, to the trustees of which the author’s thanks 


are due. 
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INTRODUCTION. 


Ir has long been known that ethy] alcohol appears as a product of metabolism 
when many higher plants (including apples) are kept in atmospheres without 
oxygen [Lechartier and Bellamy, 1872; Pasteur, 1872; Pfeffer, 1900]. More 
recently an enzyme system essentially similar to the zymase of yeast has 
been isolated from the tissues of higher plants (including apples) [Palladin 
and Kostytscheff, 1906; Stoklasa, Ernest, and Chockensky, 1907, 1 and 2], 
and it is now generally accepted that in the usual respiration of glucose by 
higher plants this zymase system co-operates with an oxidation enzyme system 
to produce carbon dioxide. So long as the oxidation system maintains its 
normal activity the zymase activity of cells will not be demonstrable, but 
when the oxidation system is inactivated, as through the absence of the 
component oxygen under anaerobic conditions, zymase activity becomes 
evident by the accumulation of ethyl alcohol as in the zymasic metabolism 
of yeast cells. Further, in the usual metabolism of yeast small quantities of 
acetaldehyde are always produced [Fernbach and Schoen, 1920; Harden, 
1923]; and small quantities of acetaldehyde have been detected as accumu- 
lating, together with ethyl alcohol, in poplar flowers placed under anaerobic 
conditions [Kostytscheff, Hiibbenet, and Scheloumoff, 1913] and also when 
@ maceration of germinating pea seeds acts upon glucose solution under 
anaerobic conditions [Neuberg and Gottschalk, 1924]. In this paper the 
appearance of acetaldehyde, in addition to ethyl alcohol and carbon dioxide, 
amongst the end products of the zymasic metabolism of apples under anaerobic 
conditions is recorded. Neuberg and his co-workers by following quantita- 
tively the production of etliyl alcohol and acetaldehyde in the metabolism of 
yeast under different conditions, have brought strong evidence to support 
the original contention of Kostytscheff that acetaldehyde is the immediate 
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precursor of ethyl alcohol in alcoholic fermentation [see Fernbach and Schoen, 
1920]. The author has adapted the technique used by Neuberg to study 
quantitatively the accumulation with time of ethyl alcohol and acetaldehyde 
in apples under different conditions. Such studies evidently give a direct 
measure of the extent to which zymasic metabolism occurs in the tissues of 
higher plants. Plant physiologists have studied the respiratory metabolism 


of higher plants mainly by observing the rates of gaseous exchange and by 


Carbon dioxide 


determining the values of the = ratios; by these methods they 


have shown that carbon dioxide in certain concentrations may retard the 
rate of production of carbon dioxide by plant tissues [ Jodin, 1897 ; Kidd, 1917]. 
By determining the acetaldehyde and ethyl alcohol accumulations in apples 
in different gases and gas mixtures, the interesting discovery can now be 
recorded that carbon dioxide—above certain concentrations—even in the 
presence of abundant oxygen inactivates the oxidation system in apple cells 
without affecting the zymase system: in such concentrations of carbon di- 
oxide, therefore, the metabolism of apple cells is essentially of a zymasic type. 
For convenience, the term CO,-zymasis will be used to describe this zymasic 
metabolism induced by carbon dioxide in the presence of oxygen. Also, we 
will speak of the zymasic metabolism occurring in the absence of oxygen as 
anaerobic zymasis. CO,-zymasis differs from anaerobic zymasis in pure 
nitrogen or in pure CO, by the greater accumulation of acetaldehyde, and 
the correspondingly smaller accumulation of ethyl alcohol in the former, 
while the total destruction of sugar appears to be the same initially. 

Acetaldehyde is more toxic than ethyl alcohol; to its greater accumu- 
lation in atmospheres containing carbon dioxide (above a certain concentra- 
tion) plus oxygen may probably be attributed the greater toxicity of such 
gas mixtures compared with pure nitrogen, pure carbon dioxide, or any 
mixture of nitrogen and carbon dioxide [Kidd and West, 1923]. Certain very 
severe cases of damage to large quantities of apples, during overseas transport 
under cold storage, have recently been traced to the toxicity of mixtures of 
carbon dioxide and oxygen, and it was, in fact, to elucidate this special 
toxicity and also to determine other causes of premature death of apples 
which have been attributed to the accumulation of toxic metabolites, that 
this investigation was commenced}, 


SEcTION 1. THE IDENTIFICATION OF ACETALDEHYDE AND ETHYL ALCOHOL AS 
PRODUCTS OF THE RESPIRATION OF APPLES IN CERTAIN GASEOUS EN- 
VIRONMENTS. 


A. (i) Demonstration of aldehyde production with intact apples. Aqueous acid 
solutions of phloroglucinol (1 % phloroglucinol in 6 % sulphuric acid was 

1 This work was taken over from the Hon. Mrs Wheldale Onslow, to whom the idea of in- 
vestigating the acetaldehyde and ethyl alcohol accumulation under anaerobic conditions is due, 


and I am greatly indebted to her for the close touch she has maintained with the research during 
its course. 
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used in these experiments) speedily combine with aliphatic aldehydes to 
produce sparingly soluble substances known as phloroglucides, and with 
excess of phloroglucinol the amount of precipitation is proportional to the 
amount of aldehyde present (see Appendix). These facts were exploited for 
the investigation of the apples. Gas mixtures of different composition were 
passed at the same rates for the same time-period through desiccators, con- 
taining equa! numbers of apples (Fen Newtowns), placed in a room maintained 
at 15°. The emerging gas passed through the acid phloroglucinol reagent. The 
relative production of volatile aldehydes by apples under the different gaseous 
conditions was gauged by comparing the bulks of the phloroglucide precipi- 
tates obtained. With this technique the aldehyde production cannot be of 
secondary origin due to injury or to high temperatures. 


Composition of gas stream Result 
Air (freed from CO,) Very slight precipitation 
Oxygen (freed from CO,) 9% ” 
Nitrogen (freed from CO, but contains a trace of oxygen) Copious precipitation 
Carbon dioxide 50 % + oxygen 50 % pe Ps 


The identity of these aldehydic metabolic products had to be established 
by other methods, as phloroglucides are amorphous substances of ill-defined 
melting points and of uncertain composition. Using the British apple named 
above, the author repeated and confirmed the experiment of Power and 
Chesnut [1920], who used the delicate Rimini reaction to show that acet- 
aldehyde emanates from ripe American apples taken from an air store. So 
the slight precipitation of phloroglucide in the air and oxygen conditions was 
at least in part due to the presence of acetaldehyde in the living apples. 

(ii) Evidence that acetaldehyde is the only aldehyde produced in Exp. A (i). 
The identity of the volatile aldehyde (or aldehydes), accumulating in living 
apples under the conditions described above, was determined by re-distilling 
the steam distillate of the tissue, and preparing from the first fraction 
crystalline derivatives with p-nitrophenylhydrazine [for details, see Dakin, 
1908] and with dimethylhydroresorcinol [see Neuberg and Reinfurth, 1920]. 
p-Nitrophenylhydrazones. After one recrystallisation from dilute alcohol, 
crystals were obtained of melting point 128-5° identical with that of acet- 
aldehyde p-nitrophenylhydrazone synthesised in the laboratory. The M.P. 
was not altered by mixing the two derivatives. 

Dimethylhydroresorcides. After one recrystallisation from dilute alcohol, 
crystals were obtained of melting point 139-140° identical with that of 
acetaldehyde dimethylhydroresorcide synthesised in the laboratory. The m.P. 
was not altered by mixing the two derivatives. As these derivatives were so 
easily purified, and as no other aldehyde was identified in the first or later 
fractions, it was concluded that acetaldehyde alone caused the phloroglucide 
precipitations described in, A (i). 


B. Demonstration of simultaneous ethyl alcohol production. The steam dis- 
tillates obtained as described in A (ii) were freed from acetaldehyde—by 
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combining this substance with m-phenylenediamine hydrochloride (see 
Appendix)—and redistilled, yielding liquids giving no reactions for ketones, 
but giving the iodoform reaction. 


C. Conclusions. Air-stored apples contain traces of acetaldehyde and ethyl 
alcohol. These substances may accumulate in apples when there is a shortage 
of oxygen, or under the influence of carbon dioxide in the presence of suffi- 
cient oxygen. In the following sections the results of quantitative studies 
on these facts will be given and discussed. 


SEcTION 2. THE NORMAL ACETALDEHYDE AND ETHYL ALCOHOL CONTENTS 
OF SOUND APPLES STORED IN AIR. 


The figures in the following table represent grams acetaldehyde found in 
100 g. fresh weight of tissue of apples stored in air for different periods from 
October at 1°, 15° and 22°. 


Table I. (See Figs. 1, 2, 3, and 4, air value lines.) 


Acetaldehyde in apples kept in avr. 


Month is 15° 22° 
October (experiment begun) 0-0003 0-0003 0-0003 
December 0-0007 0-0005* 0-0003* 
February 0-0005* 0-0007 0-0005 
July 0-0006 — — 


The details of the analytical procedure will be found in the appendix. 

* Colour change from green to yellow was completed. After February all apples at 15° and 
22° were damaged by fungi. 

Air-stored apples always contain a little acetaldehyde (see Section 1) 
which does not increase in amount with extension of the storage period: this 
confirms the results of Miiller-Thurgau and Osterwalder [1915]. The average 
of the results given above (0-0005 g.) is used in the following sections as the 
air-value of acetaldehyde in apples. 

Power and Chesnut [1920] always detected ethyl alcohol in steam dis- 
tillates from air-stored apples. In the present experiments, estimations made 
in June and August, on apples stored at 1° from the previous October, gave 
at both times 0-006 g. ethyl alcohol in 100 g. fresh weight of apple tissue. As 
acetaldehyde formation has always been found to accompany the formation 
of ethyl alcohol in apples, and as acetaldehyde does not accumulate during 
storage, it is concluded that ethyl alcohol does not accumulate, and that 
0-006 % may be taken as its average air value in apples. Probably both air 
values are too high, as aldehydic and alcoholic substances may form to some 
extent from apple pulp decompositions at high temperatures, and certainly 
the volatile esters and terpenes always present in apples will, in part, be 
oxidised to volatile acids in the estimation of ethyl alcohol as acetic acid 
(see Appendix for technique). 
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SECTION 3. THE PRODUCTION OF ETHYL ALCOHOL AND ACETALDEHYDE BY 
APPLES UNDER ANAEROBIC CONDITIONS IN AN ATMOSPHERE OF NITROGEN. 


Apples were placed in closed desiccators, containing potash, which were 
first evacuated and then re-filled with nitrogen from a gas cylinder. Gas 
analysis with a Haldane apparatus showed that no carbon dioxide accumu- 
lated and no oxygen leaked in. The desiccators were placed in rooms at the 
desired experimental temperature (1°, 15°, or 22°), and the ethyl alcohol and 
acetaldehyde content of the apples at the end of definite time periods was 
determined (see Appendix). The results are expressed in Table IT as g. sub- 
stance in 100 g. fresh weight of apple tissue. 


Table IT. (See Figs. 1 and 2.) 


Ethyl alcohol and acetaldehyde in apples kept in nitrogen. 


22° 15° 1° 
Number of —_—_—_ —_—_—— ee Rr 
days of Ethyl Acet- Ethyl Acet- Ethyl Acet- 
anaerobiosis alcohol aldehyde alcohol aldehyde alcohol aldehyde 
0 0-0060 0-0005 0-0060 0-0005 0-0060 0-0005 
1 — 0-0030 — 0-0013 — . 
2 0-217 0-0052 —_— 0-0023 — - 
F — 0-0051 — 0-0027 — ~ 
4 — 0-0063 (d) —_— 0-0030 an — 
5 0-368 (d) — — 0-0031 — — 
6 -- -= — 0-:0041 — 0-0013 
7 -- 0-0055 — — 0-096 - 
9 — — 0-396 = —- _- 
10 “= -- ~- 0-0039 (d) — 0-0028 
il 0-664(D)  0-0057(D) = ons ae ee 
13 —_ — 0-504 (d) 0-0037 — 0-0034 
14 — 0-0055 -— -- — — 
15 — — — —- 0-170 — 
17 — — ~— — es = 
19 0-699 — —_ = = 0-0038 
21 — — 0-829 0-0041 — 
27 — — —— — 0-278 Bc 
30 ~- “= — 0-0044 — 0-0037 
35 0-663 ~ — —— —- — 
38 = = = = 0-389 (d) a 


(d) Protoplasmic disorganisation of superficial cells commences and continues progressively 
inwards, until :— 
(D) Protoplasm of all cells of apple tissue is disorganised. Apples are completely dead. 


(i) The acetaldehyde—ethyl alcohol equilibria in anaerobic zymasis at different 
temperatures. The data of Table II show that the anaerobic zymasis of apples 
resembles the usual metabolism of the yeast cell in that small amounts of 
acetaldehyde and relatively large amounts of ethyl alcohol are afterwards 
found present. Harden [1923] writes of yeast: “This of course coincides with 
the occurrence of acetaldehyde as an intermediate product of alcoholic fer- 
mentation.” The view is adopted here, that in the anaerobic zymasis of apple 
cells acetaldehyde is the tmmediate precursor of ethyl alcohol to which it is 
reduced by the activity of a reductase system. Its accumulation in these 
experiments, and in the experiments mentioned in the Introduction to this 
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paper on poplar flowers and peas, cannot yet be precisely explained, but may 
in some way be associated with the attainment by the reductase system of 
maximal activity under anaerobic conditions. The gradual flattening of the 
progress curves for acetaldehyde formation (Fig. 2) would then represent 
the attainment of equilibria, between aldehyde and alcohol, which are reached 


more rapidly at higher than at lower temperatures. 


% Ethyl alcohol 


——+———— 


4+ -+- —_, 
35 40 
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Fig. 1. Production of ethy] alcohol by apples in anaerobiosis (see Table II). 
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2. Production of acetaldehyde by apples in anaerobiosis (see Table IT). 


Fig. 2. 


It seemed possible at first that the escape of acetaldehyde from apple 
tissue might account for the flattening of the curves, and to investigate this 
possibility the phloroglucinol technique (see Appendix) was used to show 
that the escape of acetaldehyde from aldehyde-laden apples, submitted at 1° 
for one week to a gas stream from a nitrogen cylinder, is not significant at 
this temperature. The escape in a closed space will be very much less, and 
since at 1° the flattening of the aldehyde curve is not an index of the evapora- 
tion of acetaldehyde, at all temperatures, some other explanation had to be 
found. Nor is the upper limit due to toxic arrest, for no universal correlation 
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is observed between the apparent cessation of acetaldehyde accumulation 
and the disorganisation of the protoplasm, since accumulation at 1° ceased 
after 15 days, but no injury to cells was visible even after 30 days. The 
possibility that acetaldehyde is formed from some substance, other than 
glucose, present in apples only in small quantities gets no support, as different 
amounts of acetaldehyde are formed at different temperatures. 


(ii) The rates of production of acetaldehyde and ethyl alcohol in anaerobic 
zymasis. The initial rates of production are some direct function of the tem- 
perature; for example, during the first 48 hours the approximate average rates 
of production of ethyl alcohol in mg. per hour are, at 22° 4-4, at 15° 1-8, 
and at 1° 0-6. Retardation of these initial rates and final cessation of acet- 
aldehyde accumulation and of ethyl alcohol production occur more rapidly 
at the higher temperatures. This retardation in respect of acetaldehyde has 
just been discussed, and attention will now be focussed on the alcohol progress 
curves. Retardation and ultimate cessation of alcohol production in nitrogen 
is correlated with the protoplasmic disorganisation which commences in the 
superficial cells, and which gradually becomes more profound until all the 
cells of all the apples under experimental conditions are dead. In this con- 
nection it is interesting to note that Lechartier and Bellamy [1872] discovered 
that sooner or later many fruits—including apples—ceased to produce carbon 
dioxide under anaerobic conditions. This cessation probably synchronises 
with the cessation of ethyl alcohol production on the death of the cells. That 
anaerobic zymasis occurs only in living cells was further shown by the 
observation that no increase occurred in the acetaldehyde or ethyl alcohol 
content of apples previously killed by prolonged freezing (one month at — 11°) 
and subsequently placed at 15° for seven days under anaerobic conditions. 
After disorganisation has commenced in apples and in other oxidase tissues 
under anaerobic conditions, browning will occur as a post mortem pheno- 
menon on readmission of oxygen. The death of apple cells under anaerobic 
conditions is attributed to the ethyl alcohol formed, although the absence of 
oxygen, and the presence of the more toxic acetaldehyde probably aggravate 
the effect of the alcohol. 

No relation is apparent between aldehyde concentration and rate of 
alcohol production in anaerobic zymasis; for at 22° the rate becomes markedly 
retarded after about three days, when the aldehyde concentration is 0-005 %, 
and by the eleventh day the rate has fallen to one-quarter of the initial value, 
whereas the aldehyde concentration has only increased to 0-006 %, and it 
will be shown in Section 5 that concentrations of acetaldehyde less than 
0-015 % do not retard the rate of production of ethyl alcohol to any marked 
extent. Alcohol production in anaerobic zymasis is believed to be a toxic 
process; the curves for 1° and for 15° were also, without doubt, each tending 
towards toxic limits which possibly would have been at a higher level at 15 
than at 22°, thus explaining the cutting of the curve for 22° by that for 15°. 
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The dotted part of the curve for 15° is not- based on experimental results, 
but represents approximately what would have been obtaimed in a more 
prolonged experiment. At 1° the toxic concentration of ethyl alcohol must 
be very slowly attained, simce no injury was observed until the 38th day, 
therefore it is not surprising that the steady rate of production of ethyl 
alcohol did not alter during the period of the experiment. 


Section 4. THE PRODUCTION OF ETHYL ALCOHOL AND ACETALDEHYDE BY 
APPLES UNDER THE INFLUENCE OF CARBON DIOXIDE, IN THE PRESENCE 
OF OXYGEN: CO,-zYMASIS. 

Carbon dioxide and oxygen, after being mixed in the desired proportions 
in gasometers of 60 cubic feet capacity, were passed over apples, placed at 
15° in desiccators, at a rate sufficient to prevent any appreciable accumulation 
of carbon dioxide around the apples from their respiration. It has been 
shown in Section 1 that zymasic metabolism may occur under these conditions, 
and this has been followed quantitatively by determining the acetaldehyde 
accumulation after different time-periods in each gas mixture. As the gas 
around the apples was moving in these experiments, in addition to estimating 
the aldehyde content of the apples at the conclusion of each time-period by 
the steam distillation technique, it was necessary to estimate the acetaldehyde 
escaping during each period. For this purpose the emerging gas was passed 
through acid phloroglucinol solution, and the weight of aldehyde in the gas 
current, calculated from the weight of phloroglucide obtained (see Appendix), 
was added to the residual aldehyde content of the apples as determmed by 
the steam distillation technique. The results are expressed in Table III as 
g. acetaldehyde in 100 g. fresh weight of apple tissue. The oxygen concen- 
tration is in every experiment the percentage complement of the CO, con- 
centration. 

(i) CO,-zymasis. It will be seen from the table that acetaldehyde is increasing 

with time in all these cases, whilst in air storage there is no such increase. 

It will be shown later, in Section 5, that alcohol is also increasing so that we 

have the metabolism associated hitherto with anaerobi@+conditions also 

brought about by sufficient CO, in spite of the presence of oxygen. This 
special effect, which we may call CO,-zymasis, is probably due to COQ, in- 
activating the oxidation system concerned in normal respiration without 
influencing zymase splittmg. Willstatter and Stoll [1918] have shown that 
the activity of peroxidase systems is diminished to one-half in water saturated 
with carbon dioxide, though no destruction of enzyme occurs, and their 
observations are of interest in showing that carbon dioxide has an inhibiting 
effect on at least one oxidation system. As the apple tissue used never gave 

Py Values > 4, no connection can exist between the phenomena recorded and 

the concentration of hydrogen ions, since carbon dioxide will not alter a pg 

so much on the acid side of neutrality. Without attempting to analyse the 
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Table IIT. (See Fig. 3.) 


Acetaldehyde formation in apples by CO,-zymasis at 15°, in relation to 
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(A) Browning of cells near the apple core noticed (Brownheart [Kidd and West, 1923)). 
(d) Protoplasmic disorganisation (with browning, when oxygen is present) of superficial cells 


commences and continues progressively inwards (Deep scald [Kidd and West, 1922}]), until: 


(D) Protoplasm of all cells of the apple is completely disorganised (apple is completely brown, 


when oxygen is present). 
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Fig. 3. Acetaldehyde formation in apples by CO,-zymasis at 15° in relation 
to concentration of CO, (see Table ITT). 
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cause of this action of carbon dioxide, we will consider certain aspects of the 
effects produced, and the first point is that there seems to be a lower limit 
of concentration of CO, below which CO,-zymasis is not produced. For these 
““Newtown Wonder” apples this is placed tentatively at 10 % CO,, as no 
increase was observed in the acetaldehyde content of apples which had been 
stored at 8° for six months in a gas mixture of 10 % CO,, 10 % oxygen, 80 % 
nitrogen, but in this connection we shall see later in this section that future 
research may necessitate a change in our views. The second point is that the 
co-operation of oxygen is needed for CO,-zymasis to occur, as anaerobic 
zymasis, of the type described in Section 3, occurs in pure CO,. Anaerobic 
experiments were set up precisely as described in the last section, but using 
pure CO, instead of pure N,. With mixtures of CO, and O, between these 
limits the effect is well marked but the precise nature of the relation is com- 
plicated by the senescent state of the apples and will be discussed later (see 
p- 937). The third point is that much more acetaldehyde accumulates in the 
tissues under CO,-zymasis than in anaerobic zymasis. This will be considered 
further in Section 5 where the alcohol production of the two states is com- 
pared, but we note here the difference between curves IV, V, VII and VIII 
in Fig. 3, and the anaerobic curves whether the gas environment is pure 
nitrogen (Fig. 2) or pure carbon dioxide (Fig. 3, curve VI). When the 
external oxygen concentration is between zero and 5 %, observed effects are 
intermediate between CO,-zymasis and anaerobic zymasis (Fig. 3, curve IX), 
and these are to be expected, as evidently it is the concentration of oxygen 
in the intercellular spaces that determines which type of zymasis will occur 
in different localities in a given apple, and these concentrations will probably, 
in a bulky tissue such as an apple, be smaller in the localities furthest re- 
moved from the lenticels and other points at which oxygen enters from the 
outside atmosphere. 


(ii) Progress curves for acetaldehyde formation in CO,-zymasis. Curve VII 
(which cannot, on the results obtained, be distinguished from curve VIII) 
represents a typical progress curve for acetaldehyde formation in CO,-zymasis, 
and curve IV (which cannot, on the results obtained, be distinguished from 
curve V) represents the initial phase of acetaldehyde accumulation under 
similar CO, concentrations, but at an earlier stage in the storage season when 
the apples are less senescent. By comparing curves VII and VIII or curves 
IV and V we see that at a given stage of the progressive senescence during 
storing, provided that more than 5 % oxygen is present, the rate and extent 
of CO,-zymasis, and the incidence of the (d) condition of superficial browning 
appear to be the same in all concentrations of CO, greater than 50%. By 
comparing curve IV with curve VII we see that for a given concentration 
of CO, (50% in this case), the rate of CO,-zymasis must increase as the 
senescence of apples advances in the later stages of the storage season. 

The oxidase browning mentioned above is caused by the disorganisation 
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of the protoplasm in the superficial cells in an atmosphere containing oxygen, 
and the flattening of the progress curves for acetaldehyde production in 
CO,-zymasis proceeds hand in hand with the increasing profundity of tissue- 
browning, in striking contrast with the flattening of the aldehyde curves in 
anaerobic zymasis (Fig. 3, curve VI and curves in Fig. 2) where cessation 
of acetaldehyde accumulation occurs before the disorganisation of protoplasm 
commences. Further, progressive injury and death of cells from the surface 
inwards (Deep scald [Kidd and West, 1923]) occur more rapidly in CO,- 
zymasis than in anaerobic zymasis, and we notice in CO,-zymasis a type of 
injury (A), described as browning of cells near the apple core, which does not 
occur in anaerobic zymasis (Brownheart [Kidd and West, 1923]). Athough 
Brownheart may occur under the influence of CO, without acetaldehyde 
formation [Kidd and West, 1923], the author definitely attributes the more 
rapid death of superficial cells in CO,-zymasis to the greater quantities of the 
toxic acetaldehyde produced. These matters will be further discussed in the 
next section; here we note that whereas concentrations of 0-004—0-006 % 
acetaldehyde, found under anaerobic conditions, are not injurious to apples, 
concentrations of 0-03-0-05 % retard CO,-zymasis and finally cause its 
cessation at the death of the tissue. 


(iii) CO,-zymasis in relation to the concentration of CO, and the resistance of 
individual apples. We have seen that early in the storage season the reaction 
of a given apple to CO,, as shown by the rate of aldehyde accumulation, must 
be different from its reaction at a later period. This difference is now attri- 
buted to the diminishing resistance to CO, with the increasing senescence of 
the apple. We will consider the behaviour of apples in concentrations of CO, 
between 10 and 50 % and it will shortly be obvious that, at a given period 
in the storage season, the apples used in these experiments must have been 
in different senescent states as judged by their varying resistances to such 
concentrations. 


Table IV. Comparison of the average acetaldehyde contents of non-browned 
apples and browned apples in samples previously identically treated. 


Number of % acetaldehyde Numberof % acetaldehyde 


Days in non-browned in non-browned browned in browned 
% CO, gas apples apples apples apples 
50-75 ll — ~- 6 0-030 
30 9 2 0-0004 4 0-018 
30 12 — — 6 0-033 
20 16 3 0-0003 3 0-036 
20 17 2 0-0002 4 0-023 


It has already been shown that as a result of acetaldehyde production 
in CO,-zymasis the surfaces of apples become brown, and it was noticed, 
after certain time-periods in concentrations of CO, of 20 and 30%, that 
whereas some of the apples in the experimental samples of six appeared to 
be brown, others still appeared to be healthy. In Table IV are recorded the 
results of separate analyses of such browned and non-browned classes in 
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samples of apples previously identically treated. It was in some cases difficult 
to judge whether apples were brown or non-brown; but when an apple, on 
cutting, gave the characteristic smell associated with zymasis it was included 
in the browned class, although it is very probable that in some instances 
zymasis had been of shorter duration than in the obviously browned apples. 
Separate analyses of individual apples in samples have not yet been made. 

These figures prove that the apple population used in all the experiments 
described in this paper must be considered as mixed, since some of the apples 
under 30 % CO, for nine days had accumulated acetaldehyde whereas in at 
least two apples no CO,-zymasis had occurred, and other samples under 20 % 
CO, for 16 and 17 days gave even more striking figures. Indeed, assuming a 
linear relation, calculation shows that some apples will in nine days have accu- 
mulated 0-02 % acetaldehyde in 20 % CO,, and we have just noticed that in 
other apples no zymasis occurred during this period in 30 % CO,; however, 
it will be made clear later that a given apple responding to 20 % CO, will 
respond to 30% CO, even more rapidly. Winkler [1923] has shown that 
apples picked from different sides of the same tree subsequently remain healthy 
for different lengths of time in air storage at low temperature, and there are 
many other observations to show that mixed effects are to be expected unless 
special precautions, as to aspect, age of tree, etc., are taken in picking apples 
and no such precautions were taken in picking the “Newtown Wonder” 
apples used in these experiments. These mixed effects in relation to CO, 
result from the differences in resistance to CO, shown by individual apples 
which have, in equal periods of storage, reached different stages of senescence 
owing, at least in part, to the differences in their orchard histories. Taking 
the time required for CO,-zymasis to commence in an apple as a direct measure 
of its resistance to a given concentration of carbon dioxide, it seems probable 
from Table IV that the scatter of the resistances of individual apples in a given 
sample decreases as the incident CO, concentration increases. Thus for 20 % 
CO, the figures in Table IV indicate a wide scatter of resistances, as some 
apples must have commenced zymasis at an early stage whereas others show 
no zymasis even after 17 days. We have not sufficient data to compare the 
effects of 30 % CO, with 20 % CO,, but there is evidently a fairly wide scatter 
of resistances to 30 % CO, and in concentrations of 75 % CO, no differences 
in resistance have been detected by the methods of analysis employed. With 
more accurate observations it seems certain that a small scatter of resistances 
would be detected for all concentrations, the scatter always becoming less 
as the CO, concentration is increased. 

From consideration of the average accumulation of acetaldehyde in CO,- 
zymasis in given samples in different concentrations of CO, as shown in 
Fig. 4, it is believed that in all concentrations of CO, the average initial rate 
of zymasis increases at first slowly and then more rapidly until the toxic 
effect of the acetaldehyde comes into play in all cases, causing retardation 
and finally cessation of production as shown in curves VII and VIII. Thus 
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progress curves I, IT and III would have been definitely sigmoid in shape if 
observations had been made after longer times with 12 % CO,, 20 % CO, 
and 30% CO,. No figures for the early periods in concentrations of CO, 
> 50 % are available; progress curves have, however, in conformity with the 
ideas just expressed, been drawn in slightly sigmoid form; but no attempt 
has been made to indicate the beliefs that with more accurate measurements, 
firstly, curve V for 70 % CO, in the spring would have been slightly nearer 
the y axis than curve IV for 50%, and curve VIII for 95 % CO, in the 
summer would have been slightly nearer the y axis than curve VII, and 
secondly, with the higher concentrations of CO, the more nearly will pro- 
gress curves approximate to a logarithmic form. Comparing curves I, II, III 
and IV, we see that as the concentration of CO, increases from 12 % to 50 % 
the forms of progress curves change from sigmoid with longer bases to sigmoid 
with shorter bases, thus gradually approaching a logarithmic form?. 

Evidence will now be presented that at a given time in the storage season, 
once the resistance of an individual apple has been overcome, CO,-zymasis 
will occur in an apple at the same rate and to the same extent independently 
of the inducing concentration of CO,. Firstly, there is the obvious evidence of 
curves IV and V and curves VII and VIII which, for we now see that they 
are not in theory coincident, must be close and parallel to one another; 
evidently the resistances of all apples are very speedily overcome under con- 
centrations of CO, > 50%, so that raising the concentration of CO, from 
50 to 95 % does not appreciably alter the average rate or the average extent 
of zymasis in a sample. Secondly, it will be noticed in Table IV that in one 
experiment with 30 % CO,, by chance, six apples of low resistance were used 
and a similar amount of acetaldehyde had accumulated in them during 
12 days as would have been expected under concentrations of CO, greater 
than 50 %. 

At least two causes may be important in overcoming the resistance of 
an individual apple to a given concentration of CQ,; firstly, there is the cumu- 
lative effect of CO, with time, and secondly, there is the increasing senescence 
of the apples. Considering the second factor, it is evident that, under the 
experimental conditions employed, the advance of senescence of the apples 
which had previously been kept for six months at 1°—must have been ac- 
celerated by removal to 15°, and also by the high concentrations of oxygen used 
in conjunction with the lower concentrations of CO,. With 12 % CO, (curve I), 
the oxygen concentration surrounding the apples was 88 %, and only slight 
zymasis had occurred after 30 days, although we see from Table III that 
during 50 days considerable zymasis had occurred. Evidently there are many 


1 These effects fall into the same schema as the experiments of Henderson Smith [1921] on 
the killing of Botrytis spores by phenol. In these experiments, however, no attempt has been 
made to investigate the effect of varying concentrations of CO, on the rate of killing of apples; 
attention has been fixed on the toxic chemical changes intermediate between the commencement 
of the reaction to CO, and the death of the apples. 
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points which require further elucidation, for although it has already been 
reported in paragraph 1 of this section that apples have been kept for six 
months in a gas mixture of 10 % CO,, 10 % oxygen, 80 % nitrogen at 8° 
without showing zymasis (Fig. 3, line X), it seems possible that, with 
greater oxygen concentrations and also at a higher temperature (15°), the 
senescent states of apples may so advance that 10 % CO, or less might, given 
time, overcome some of the individual resistances of apples and thus induce 
zymasis. 


SecTION 5. A QUANTITATIVE COMPARISON OF ANAEROBIC ZYMASIS 
AND CO,-zYMASIS. 


For anaerobic zymasis we have the data of Table II from experiments 
carried out in closed desiccators. For comparable experiments on CO,- 
zymasis, apples were placed at 1° in closed desiccators containing gas of the 
initial composition of 50 % CO, + 50 % O,, and after definite time periods 
their acetaldehyde and ethyl alcohol contents were determined by the steam 
distillation technique (see Appendix). After the longest period (34 days) the 
gas composition in the desiccators was 78 % CO, + 22% O,. It has been 
shown in Section 4 that such an increase in CO, concentration does not 
appreciably influence acetaldehyde production, and therefore probably has 
no effect on alcohol production. In Table V the analyses of these apples are 


Table V. (See Fig. 4.) 
Comparison of ethyl alcohol and acetaldehyde production in apples by 
CO,-zymasis and anaerobic zymasis. 


Gas mixture initially 50 % CO,+50% O, 








rising to 78 % CO, +22 % O, Nitrogen gas 
Days in - — : — ny 
gas Ethyl alcohol Acetaldehyde Ethyl alcohol Acetaldehyde 
0 0-0060 0-0005 0-0060 0-0005 
3 — 0-010 _ — 
5 0-046 — — _ 
6 — — — 0-0013 
7 — 0-021 (A) 0-096 —e 
8 0-056 (A) — — = 
10 — — — —- 
13 — — — 0-0028 
15 /_ 0-032 (d) 0-170 0-0034 
16 0-079 (d) 0-037 — _— 
19 — — _- 0-0038 
23 0-084 —— — — 
25 Le 0-042 (D) = —_ 
27 -—— 0-040 0-278 — 
28 —— —_— — 0-0037 
32 — 0-040 — — 
34 0-080 (D) a = _ 
38 — —_— 0-389 (D) — 


(A) Browning of cells near the apple core noticed. 
(d) Protoplasmic disorganisation (with browning, when oxygen is present) of superficial cells 
commences and continues progressively inwards, until :— 


(D) Protoplasm of all cells of the apple is completely disorganised (apple is completely brown, 
when oxygen is present). 
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contrasted with data for anaerobic zymasis at 1°. Since acetaldehyde accu- 
mulation is of the same order in pure CO, (Table III, column V) as in pure 
nitrogen (Table II), Table V may be taken to illustrate the influence of 
oxygen on the nature and amounts of the products of CO,-zymasis. The 
results are expressed as g. acetaldehyde in 100g. fresh weight of apple 
tissue. 


(1) Comparison of the ides 
It will be seen that though concentrated CO, can produce zymasis in the 
presence of oxygen yet the resulting accumulation of aldehyde and alcohol 
does not follow the same course as with zymasis in anaerobic conditions. 
The proportions of alcohol and aldehyde differ greatly in the two cases. 
A comparison of curves I with curves II in Fig. 4 shows that in CO,-zymasis, 
in correlation with the presence of oxygen, considerably more acetaldehyde 
and correspondingly less ethyl alcohol accumulate than in anaerobic zymasis, 
and this point is emphasised in the following table in which the ratios of 
ethyl alcohol to acetaldehyde accumulations at different times in the ex- 


periments are given. 


ratios after anaerobic zymasis and CO,-zymasis. 





Anaerobic zymasis alcohol CO,-zymasis alcohol 
~~ aldehyde aldehyde 
; 65 2-6 
_ 0 2-0 
20 54 2-4 


This increased accumulation of acetaldehyde in CO,-zymasis cannot be 
attributed to the oxidation of ethyl alcohol by oxygen, as it will be shown 
in Section 6 that apple tissue does not effect such an oxidation. The author 
believes that the difference between the two types of zymasis is due to the 
effect of oxygen on the reductase system controlling the reduction of acet- 
aldehyde to ethyl alcohol, the final step in the zymase cleavage of glucose. 
Under anaerobic conditions as soon as the reductase system attains maximal 
activity acetaldehyde accumulation ceases. In CO,-zymasis the continuous 
presence of more than 5 % oxygen retards the reduction of acetaldehyde to 
ethyl alcohol, so acetaldehyde accumulates as long as the zymase system 
remains active, and the amount of ethyl alcohol formed is correspondingly 
reduced. 


(2) A comparison of the rates of anaerobic zymasis and CO,-zymasis. The initial 
rates of anaerobic and CO,-zymasis were apparently identical since in the former 
the percentage accumulation of alcohol + aldehyde was 0-054 % after five 
days, and in the latter 0-052 %. During the period of the experiment the rate 
of anaerobic zymasis (as measured by alcohol production) was not retarded 
to any marked extent, nor was any injury observed until 40 days had passed. 
It was quite otherwise in CO,-zymasis, as after five days the rates of formation 
of both ethyl alcohol and ‘acetaldehyde were retarded progressively with the 
disorganisation of protoplasm as described in Section 3, paragraph (ii). CO,- 
zymasis occurs only in living cells, for, apart from the obvious evidence of the 
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curves II in Fig. 4, the author, by prolonged freezing, killed apples, then 
placed them in 50 % CO, + 50% oxygen for seven days and noticed that 
neither alcohol nor aldehyde was produced. This accelerated death of apple 
cells in atmospheres of carbon dioxide + oxygen has already, in the last 
section, been attributed to the increased acetaldehyde accumulation under 
these conditions. 

In conclusion, the influence of acetaldehyde on the rate of production of 
ethyl alcohol in CO,-zymasis will be considered. Assuming that low concen- 
trations of acetaldehyde have no retarding effect, we may as a standard for 
comparison represent the initial constant rate by the figure 100. That in the 
later stages of zymasis an inverse ratio seems to exist between the aldehyde 
concentration in the apples, and the rates at which alcohol is produced, is 
indicated in the following table where these rates, calculated in terms of the 
standard from the slopes of the tangents drawn at different points on the 
alcohol progress curve II in Fig. 4, are shown as decreasing regularly to 
zero as the acetaldehyde concentration increases. 
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Fig. 4. Comparison of ethyl alcohol and acetaldehyde production 
at 1° in CO,-zymasis and in anaerobic zymasis (see Table V). 
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Acetaldehyde concentration in g.in Relative velocity of alcohol formation 


100 g. fresh weight of tissue in CO,-zymasis 
0-0005 — some value <0-017 100 (standard) 
0-017 65 
0-023 (A) 52 
0-028 43 
0-034 (d) 24 
0-038 13 

0-043 (D) 3-0 


(A), (d) and (D) as in Table V. 


SECTION 6. QUANTITATIVE EXPERIMENTS PROVING THAT APPLE TISSUE 
DOES NOT OXIDISE ETHYL ALCOHOL OR ACETALDEHYDE. 


If, as is generally accepted, the usual oxidation of glucose by higher plants 
is effected by the co-operation of a zymase and an oxidation system, evidently 
ethyl alcohol or at least one of its precursors must be substances oxidisable 
by plant cells. Space does not permit of an adequate discussion here of 
theories of the biochemistry of sugar oxidation, but mention must be made 
of Kostytscheff’s obstrvation [1909] that ethyl] alcohol is not oxidised to carbon 
dioxide by higher plants, and of the experiments of Ciamician and Ravenna 
[1918] who showed that crushed spinach leaves, which can effect many inter- 
esting oxidations, Will not oxidise either ethyl alcohol or acetaldehyde. The 
following experiments provide further evidence that tissues of higher plants 
cannot oxidise either ethyl alcohol or acetaldehyde and therefore some pre- 
cursor of acetaldehyde must be oxidised to produce carbon dioxide in aero- 
biosis. Apples were kept under anaerobic conditions at 15° for definite periods, 
when the alcohol and aldehyde accumulations were determined by analysing 
samples. The remaining apples were analysed after further periods in CO,- 
free air, or CO,-free oxygen. 


Days in nitrogen Subsequent daysinair % ethyl alcohol 


9 0 0-396 
9 7 0-450 
9 14 0-420 


We notice that there is no loss of ethyl alcohol either by oxidation or 
evaporation. Similar experiments were carried out for acetaldehyde: the 
tabulated results show that there is no loss of acetaldehyde either by oxida- 
tion or evaporation. Further as there is no increase in acetaldehyde, ethy! 
alcohol is not oxidised to acetaldehyde by apple tissue in the presence of 
oxygen (Section 5, paragraph (i)). 


Subsequent days Subsequent days 


Days in nitrogen in air in oxygen % acetaldehyde 
3 0 0 0-0027 
3 8 0 0-0025 
3 0 6 0-0028 
3 0 é 0-0025 
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SUMMARY. 


1. Neither ethyl alcohol nor acetaldehyde accumulates as intermediate or 
end product of the respiration of apple cells in air; nor can either of them be 
oxidised by apple tissue. 

2. In the absence of oxygen, respiration is of a zymasic type, ethyl 
alcohol and traces of acetaldehyde accumulating in apple cells. The term 
anaerobic zymasis is used to describe the effect. 

3. Carbon dioxide even in the presence of abundant oxygen may cause 
the respiration of apple cells to be changed to a zymasic type. The term CO,- 
zymasis is used to describe the effect. Whereas CO,-zymasis commenced 
nearly immediately in all the apples used in these experiments under concen- 
trations of CO, > 50 %, a wide scatter of resistances to concentrations of CO, 
between 10 and 30 % was noticed. 

1. In CO,-zymasis, associated with the presence of oxygen, the ratio ethyl 
alcohol/acetaldehyde is 2/1, contrasting strikingly with the ratio 50/1 ob- 
tained in anaerobic zymasis. 

5. Gas mixtures of carbon dioxide and oxygen may be even more in- 
jurious to apples than anaerobic conditions, owing to the toxicity of acet- 
aldehyde being greater than that of ethyl alcohol. The relations of these 
substances to the so-called physiological diseases of apples will be discussed 
elsewhere, in a later paper. 

The analytical part of this work was carried out in the biochemical 
laboratory at Cambridge and I am grateful to Sir F. G. Hopkins for the 
facilities given, and for the interest with which he has followed the research. 
I express my gratitude to Dr F. F. Blackman for the general supervision he 
has given during the course of this research, and I also record my thanks to 
him and to Dr Franklin Kidd for their valuable criticisms on the interpretation 
and presentation of the results. The physiological part of this research was 
performed at the Low Temperature Research Station, Cambridge, and I thank 
Dr Franklin Kidd and Dr Cyril West for placing their experience, on request, 
at my disposal. To Mr8. G. Crouch, of this Station, I am indebted for assist- 
ance in controlling experimental conditions. I thank the Food Investigation 
Board for a personal grant, and for defraying all expenses incurred during the 
research. 


APPENDIX. 


MATERIAL AND METHODS OF QUANTITATIVE ANALYSIS. 


Material. “Newtown Wonder” apples, grown in the locality of Canterbury 
on a gravel soil, were used in all the quantitative experiments which have 
been described. The apples were picked regardless of their aspect, so it is 
not surprising that in some respects they behaved as a mixed population 
(Section 4, paragraph (ii)). On arrival at the Low Temperature Research 
Station, Cambridge—two days after picking—the apples were wrapped in 
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papers impregnated with mineral oil and placed, in air, in a room kept at a 
constant temperature of 1°, and were unwrapped and removed just before 
each experiment started. With the apparatus available, six apples formed 
the most convenient sample, and this number was used in determining every 
figure given in the tables. 


Methods of quantitative analysis. 


(1) Estimation of the acetaldehyde and the ethyl alcohol content of apples. 
A steam distillation technique was used to expel the acetaldehyde and the 
ethyl alcohol from apples immediately after their removal from the physio- 
logical conditions of the experiment in progress. 1500 cc. of water were placed 
in a two litre flask, through the stopper of which passed the tapered base of 
a glass cylinder (of dimensions 48” x 23”) wrapped with cotton wool jackets. 
The water was boiled vigorously until the walls of the cylinder were very 
hot, and then the previously weighed apples were each cut into eight pieces 
and dropped into the cylinder, where they rested on a support of perforated 
zinc, kept in position by a rubber collar. The cylinder was then immediately 
connected, by means of a splash trap passing through a stopper of 2?” dia- 
meter, to a Liebig condenser previously connected by means of an adapter 
with an ice-cooled spiral condenser, the base of which passed through the 
stopper of a filtering flask of 1 litre capacity to a level below that of 50 cc. 
of liquid placed in the flask. The aqueous distillate collected in the filtering 
flask. To prevent loss of aldehyde or alcohol, the outlet of the filtering flask 
was connected with a second filtering flask by means of a bent glass tube 
which reached a level, in this second flask, below that of 50 cc. of liquid 
placed in the flask. 

In estimating the acetaldehyde content of apples, 50 cc. of sodium hydrogen 
sulphite—of strength at least double that necessary for combination 
with the anticipated amount of acetaldehyde—were placed in each of the 
receiving flasks, and in a control flask. All the flasks were cooled by ice. 
Experience showed, first, that acetaldehyde only rarely escaped to the second 
flask, and then only in traces, and second, that after two hours’ steam dis- 
tillation all significant acetaldehyde was expelled from apple pulp. The 
amount of acetaldehyde which distilled was estimated by titrating the sodium 
hydrogen sulphite in the receiving and control flasks against standard iodine, 
using starch solution as indicator. The method, in all its essentials, is that of 
Ripper [1900]. 

In estimating the ethyl alcohol content of apples, 50 cc. of water were 
placed in each of the ice-cooled receiving flasks to prevent any alcohol from 
escaping. Three hours’ steam distillation was necessary to expel all signi- 
ficant ethyl alcohol from apple pulp. The aqueous distillate was made 
up to a volume of 1 litre; and the alcohol content of each 500 cc. part was 
simultaneously determined by following the technique described by Neuberg 
and Hirsch [1919]; each part was first freed from acetaldehyde by adding 
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m-phenylenediamine hydrochloride, allowing to stand for half-an-hour, and 
then gently boiling under a reflux condenser for one hour. After cooling, the 
resulting brown green fluorescent solution, plus the washings from the reflux 
condenser, was made just alkaline with caustic soda using solid phenol- 
phthalein as an indicator, and was subsequently distilled nearly to dryness 
in vacuo. The alcoholic distillate was collected in a filtering flask to the outlet 
of which was connected a bent glass tube dipping under 50 cc. of concen- 
trated sulphuric acid placed in a second filtering flask, which was also con- 
nected by pressure tubing with a vacuum water pump. Both flasks were 
cooled with ice. The concentrated sulphuric acid absorbed any alcohol 
escaping from the main distillate by forming, for the most part, ethyl hydrogen 
sulphate [see Dox and Lamb, 1916]. The distillate in the first flask and 
20 g. of powdered potassium dichromate were then placed in a Claisen flask 
connected with a Liebig condenser, and to them were slowly added through a 
dropping funnel the acid contents of the second flask. Complete oxidation of 
ethyl alcohol to acetic acid occurred in half an hour at room temperature 
under these conditions, and by subsequent distillation—with frequent addi- 
tions of water to the Claisen flask—all the acetic acid was collected. Titration 
against standard caustic soda gave values from which the alcohol content of 
the original steam distillate was calculated. 

(2) The estimation of the acetaldehyde escape from apples. In the experiments 
in which gas currents were used, the escape of acetaldehyde was gauged by 
the phloroglucinol method referred to in Section 1 of this paper. Councler 
[1896] described the phloroglucides, formed by the condensation of the lower 
aliphatic aldehydes with phloroglucinol in acid solution, as amorphous com- 
pounds only sparingly soluble in the medium in which they are formed. 
Gravimetric estimations of formaldehyde [Clowes, 1899] and furfuraldehyde 
[Kréber, 1901] are based on the insolubility of their phloroglucides. Clowes 
does not discuss amounts of formaldehyde less than 0-05 g., and Kréber 
specifically limits the reliability of his method to amounts between 0-03 and 
0-3 g. The author endeavoured, by applying Councler’s discovery, to evolve a 
methed for estimating acetaldehyde, in amounts less than 0-03 g., gravi- 
metrically as acetaldehyde phloroglucide. 10 cc. of an acetaldehyde solution 
(simultaneously standardised by the Ripper method) were added to 40 cc. 
of a solution of 1 % phloroglucinol dissolved in 6 °% (by volume) aqueous 
sulphuric acid (it was essential in the experiments on apples to use a non- 
volatile acid). The phloroglucide quickly appears as a white precipitate, 
which on standing turns yellow. After 24 hours the phloroglucide was col- 
lected by filtration through a weighed Gooch crucible, washed with 100 cc. 
distilled water, and then dried for four hours in a steam-bath in which the 
oxygen tension was reduced by evacuation with a water-pump, as phloro- 
glucides absorb oxygen rapidly at high temperatures. The crucible was then 
placed in a weighed covered vessel, cooled in a desiccator and weighed. The 
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following results on plotting lie approximately on a straight line, which may 
be used for determining acetaldehyde in quantities greater than 0-015 g. 


g. acetaldehyde g. phloroglucide 
0-016 0-017 
0-019 0-054 
0-033 0-158 
0-042 0-247 


Although the method for several reasons (the discussion of which is post- 
poned).is not recommended for work requiring a high degree of accuracy it has 
proved most useful in the experiments of comparison described in this paper. 
The conditions employed in obtaining the figures given above were, as far 
as possible, repeated when estimating the acetaldehyde escape from apples. 

Each gas stream on emerging from the desiccators containing apples passed 
through 40 cc. of a solution of 10 % phloroglucinol in 6 % (by volume) sul- 
phuric acid, to which were added 10 cc. of distilled water to make up the 
volume of the precipitating medium to 50 cc. After the apples had been 
removed from the desiccators for analysis by the steam distillation technique, 
the phloroglucide precipitates were treated precisely as described above, 
and from their weights the acetaldehyde escape (if greater than 0-015 g.) 
was obtained by referring to the line plotted from the results given above. 
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Ir is well known that in man after a relatively short period of starvation, or 
during a period of diet very low or entirely deficient in carbohydrate, a con- 
siderable ketosis appears. The time of onset of a positive nitroprusside 
reaction in the urine depends upon the composition of the diet prior to the 
commencement of starvation. A previous diet high in carbohydrate will 
postpone the ketosis whilst one high in fat and protein and low in carbo- 
hydrate will bring it on much more rapidly. Since during starvation the 
organism is thrown back upon its own tissues, it follows that what is going 
to happen will depend upon the composition of these tissues. Hence in fat 
subjects we expect a more rapid onset of ketosis than in thin subjects. This 
is well illustrated in the case of a starving fat woman investigated by Folin 
and Denis [1915]. This woman excreted after one day’s fasting 270 mg. of 
acetoacetic acid and in succeeding days very large quantities of acetoacetic 
and hydroxybutyric acids. The professional faster Succi, who, according to 
Brugsch’s description [1905], seems to have been a man of average build, 
produced much smaller quantities of the ketonic substances than the fat 
woman, even after very much longer periods of starvation. In general a man 
of medium build will not show a positive nitroprusside reaction in the urine 
in less than 30 hours of complete starvation (no food or drink). In our ex- 
perience of a considerable number of fasts the time varied from 20 hours 
after a previous diet low in carbohydrate to 36 hours after an average mixed 
diet. 

The cause of the ketosis seems to depend principally on carbohydrate 
deficiency. Once a certain minimum of carbohydrate is reached further de- 
pletion finds expression in ketosis. 

As a result of careful observation of the time of onset of a recognisable 
ketosis in starving normal subjects, we have received the impression that 
the onset of acetonuria is essentially an acute phenomenon. If the urine of 
a starving subject be examined after the first 24 hours’ starvation at hourly 
intervals for 5 or 6 hours, and then every 15 minutes, one suddenly reaches 
a urine giving a marked nitroprusside reaction. Quantitative estimations of 
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ketonic substances in two consecutive urines separated by a 15 minutes’ 
interval, one being negative and the other positive to the nitroprusside test, 
show a difference of from perhaps 3 or 4 mg. % in the negative to as much 
as 20 to 30 mg. % in the positive. 

Another factor which influences the time of onset of ketosis is the fluid 
intake. Ehrstrém [1922] draws attention to the influence of water hunger 
on the excretion of the ketonic acids. He cites the case of a middle-aged man 
who had vomited everything for 3 days and then developed a strong ace- 
tonuria and acetone-charged breath. Both these symptoms diminished in 
intensity when, without any food being given, an infusion of saline was 
carried out. He also refers to a similar experience with a case of pyloric 
stenosis. The polyuria of diabetes is also regarded by him as a contributory 
factor in the ketogenesis. He refers also to the acetonuria of dipsophobes. 

We have not as yet tested this point fully but up to the present we can 
say that starvation ketosis appears more rapidly in warm weather and much 
more rapidly if no fluid is taken. It is, however, not to be supposed that there 
is any serious shortage in water in so short a period as two days. The body 
undoubtedly has considerable stores of water upon which it can draw before 
serious symptoms are produced. It is of interest to recall that the metabolism 
of 100 g. fat produces about 105 g. water whilst 100 g. protein give rise to 
about 40 g. water. 

In the experiments to be described a considerable number of fastings were 
carried out and in most of them no fluid was taken for 36 hours. Such a fast 
can bring about a good deal of disturbance and in one case (Dr A. L.) the 
ketosis was so intense that some water had to be given, after which the con- 
dition was much improved. In general, however, an average man can starve 
for 36 hours even without fluid, with very little upset. Certain symptoms, 
however, frequently appear, as tendency to headaches, fatigue, difficulty in 
concentration and cramping pains in the muscles of the extremities. On one 
occasion an intense constricting pain was felt in the chest and this was fol- 
lowed by a sudden vertigo and fainting attack. It was found that the blood 
sugar at the time of these symptoms was down to 0-056 %. The cramping 
pains are probably of the same nature as those felt by cases of severe diarrhoea, 
with frequent large loss of fluid—the extreme cases being found in cholera. 
In spite of these symptoms, it was decided in our experiments to undergo the 
starvation without fluid in order to develop as considerable a ketosis as 
possible in as short a time as possible. 

The ketosis of starvation differs in certain ways from that occurring in 
diabetics. Whereas in starvation the ketosis increases, in diabetics fasting 
brings about a marked diminution in the excretion of the ketonic substances. 
At first sight this would suggest a difference in mechanism in the two cases, 
a supposition which Joslin [1917] supports. 

It seems, however, more reasonable to believe that the diminution in 
ketosis following starvation in the diabetic is due simply to the withdrawal 

















950 M. W. GOLDBLATT 


of his high fat diet and in the normal to the removal of the relatively high 
carbohydrate diet. This view is taken by Labbé et al. [1921], Shaffer [1921] 
and Woodyatt [1916]. 

Although starvation will reduce ketosis in the diabetic it will not remove 
it entirely. 

In both diabetic and starvation ketosis there is a deficiency in carbo- 
hydrate metabolism; in the former due to failure of the insulin mechanism, 
in the latter due to withdrawal of carbohydrate. 

The analogy between the condition in starvation and that in diabetes can 
be extended further to include diminished tolerance to carbohydrate, low 
respiratory quotient, as well as ketosis. These facts will appear in the data 
presented below. 


{XPERIMENTAL. 


1. The plan of experiment was to undergo a preliminary period of com- 
plete starvation and then, having determined the fasting levels of R.Q., blood 
sugar and excretion of ketonic substances, to ingest solutions of the various 
sugars and make similar observations. 

Having regard to the different constitution of the sugars and to the 
different degrees of storage and oxidation which have been observed after 
their ingestion, it was considered probable that they would show in vivo 
different antiketogenic powers. 

Owing to the different solubilities of the sugars the degree of absorption 
from the gut is different for each sugar. Ordinarily sugar does not appear 
in the faeces to any considerable extent but it is certain that decomposition 
takes place in the intestine as a result of the activity of the intestinal flora. 

2. To detect small quantities of acetoacetic acid we used the nitroprusside 
reaction. 

3. To estimate the ketonic substances we used a method described by 
the writer elsewhere [1925]. 

4. Blood sugars were determined by MacLean’s method. 

5. For the determination of respiratory quotients Haldane’s apparatus 
with the Douglas bag was used. Although a certain amount of movement is 
necessary in order to collect blood and urine, it is possible with some practice 
to carry this out without interfering appreciably with the R.Q. 

6. The substances investigated were: glucose, fructose, mannose, sucrose, 
lactose, maltose, galactose and glycerol. 

7. Except where otherwise stated the subject of experiment was the writer. 

Exp. 1. In this experiment the sugar examined was pure glucose. A fast 
was commenced at 7 p.m. 30. xii. 24. The urine from 8 p.m. 31. xii. 24 till 
9. a.m. 1. i. 25 was collected. 

At 10.30 a.m. 1.i.25 the fasting blood sugar and respiratory quotient 
were determined. At 11.20 a.m. 50 g. pure glucose in 150 cc. water were taken. 
The findings are given in Table I. 
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Period of starvation, 404 hrs. 
Nitro- Acetoacetic acid + B-Hydroxybutyric 


prus- acetone mg. (acetone) acid mg. Blood Fehl- 
Time Urine side —_"— rn sugar ing’s 
a.m. cc. test perce. Total perhr. perce. Total perhr. % R.Q. __ test 
9.0 215 ~ 0:134 288 2-2 0-88 189-2 14-6 F ‘ ~ 
10.30 23 “ 0-105 2-4 1-6 0-93 21-4 143 0113 0-73 _ 
10.45 3 + s s a ‘ ; ‘ ; ; 
11.15 14-5 + 0-197 2-9 5:7 0-567 8-2 16-4 : é - 
11.20 50g. glucose taken 
11.30 1l + 0-153 1-7 6-7 0-542 5:96 23-9 ‘ ‘ ‘ 
11.45 8 + 0-192 1-5 6-1 0-876 6-81 27-2 0-104 0-74 = 
12.0 10-5 + ‘ ‘ - 4 0-184 : 
p-m. 
12.15 8-5 + 0-163 1-4 5-6 0-365 3-1 12-4 0-189 0-75 “+ 
12.30 6°5 ~ 0-039 0-25 1:01 0869 5-7 22-8 0-187 ; + 
12.45 8-0 _ 2 js i i 4 7 0-189 + 
1.5 8-0 - 0-041 0:33 41:18 0-806 645 1934 0141 0-81 ~ 
1.30 14-0 _ ; ‘ . ‘ z 3 : - 
2.55 25 - ‘ 4 . : : > 0-099 . - 
3.45 10 oo 0-192 1:92 2:3 1-08 10-8 12-9 5 i ~ 


From this table it will be seen that 

1. The nitroprusside reaction became negative 1 hour after the ingestion 
of the glucose and remained negative for a further 3} hours. The excretion 
of acetoacetic acid and acetone fell from about 6 mg. per hour to negligible 
quantities and then began to rise with the re-establishment of the nitro- 
prusside reaction. The figures given for acetoacetic acid during the period of 
negative nitroprusside reaction can only be regarded as approximations, as the 
method of estimation was not sensitive for quantities below 0-1 mg. The 
actual content in acetoacetic acid during this period was probably lower 
than the figures given. 

2. The excretion of B-hydroxybutyric acid throughout this experiment 
showed no tendency to fall, even during the period of negative nitroprusside 
reactions. 

3. The blood sugar curve was definitely abnormal and the glycosuria 
which occurred never normally occurs in the writer after 50 g. glucose. 

For comparison we give the figures obtained after 50g. glucose under 
ordinary post-absorptive conditions. 


Normal blood sugar curve following 50 g. glucose taken 3 hours after 
morning meal. 


Blood sugar Fehling’s test 

Time % on urine 
11.41 a.m. 0-122 - 
11.50 50g. glucose taken 
11.55 0-129 ~ 
12.15 p.m. 0°159 - 
12.35 0-150 - 
12.55 0-125 - 

1.15 s 0-117 - 


1. The fasting respiratory quotient was 0-73 and after the glucose it 
rose slowly to 0-81 in 14 hours. Normally the rise following 50 g. glucose is 
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to 0-9 in 1 hour. It will further be observed that the rise in R.Q. occurred 
after the maximum blood sugar had been passed. 

5. The period of negative nitroprusside reaction corresponded to that of 
the fall from the maximum blood sugar to the fasting level. 

Ezxps.2 and 3. These were carried out on two normal young men (Dr A. L. 
and Dr A. C.) who kindly volunteered to undergo the rather trying experi- 
ment. As these experiments were exactly similar to Exp. 1 it will only be 
necessary to summarise the findings. 


Table IT. 


T,=Time to overcome existing ketosis. 
T,=Time during which the keto-antiketogenic balance was preserved. 


Subject and period Glucose 4 T, Blood sugar Max. 

Exp. of starvation g- hours hours curve R.Q. 
1 M.W.G. 404 hrs. 50 1 3} Abnormal 0-81 

2 AL. 38 75 24 1z 2 0-86 

3 AC. 40 50 1 3 a 0-82 


By abnormal blood sugar curve is meant a curve indicating a diminished tolerance to the 
particular sugar administered. 


The followed facts were elicited from these experiments: 

1. Glucose is very efficient as an antiketogenic agent, but the rapidity of 
control of a starvation ketosis varies in different subjects. As a result of 
several starvations and ingestion of 50 g. glucose after 40 hours the values 
of T, and T, were found to be remarkably constant at 1 and 3 hours, re- 
spectively, in the case of the writer. It was therefore considered that a basis 
for qualitative comparison of the antiketogenic values of the sugars was 
provided by such experiments in the same subjects. 

2. The tolerance to glucose after starvation is markedly diminished. The 
blood sugar curve after starvation always shows an exaggerated rise and 
much delayed return to normal levels. Glycosuria commonly occurred after 
quantities of glucose well below the normal tolerance. 

3. In each case the maximum R.Q. was such as to indicate deficient 
oxidation, and this value was attained in each experiment some time after 
the maximum blood sugar was reached. 

4. The period of active antiketosis (negative nitroprusside test in urine) 
always corresponded to the period of fall in blood sugar. 

The abnormalities in blood sugar curves following starvation and diets 
low in carbohydrate have been recorded by several observers. Kageura [1922 
found that the hyperglycaemia in man following the ingestion of the Japanese 
test meal (100 g. rice + 2 eggs) was greater after a carbohydrate-poor diet than 
after a diet rich in carbohydrate. In some cases 100 g. rice produced glyco- 
suria after a meat-fat period. He found that protein and fat were equally 
effective in lowering carbohydrate tolerance. 

sreenwald [1924], however, working with dogs, found that a diet of protein 
does not lower carbohydrate tolerance to the same extent that a fat diet does. 
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This is comprehensible when we consider that 56 % of protein is potential 
carbohydrate whilst only 10 % of fat is capable theoretically of yielding sugar, 
though actually we have never detected a perceptible rise in blood sugar after 
administration of glycerol to a normal subject. 

Southwood [1923] also found that there was marked diminution in carbo- 
hydrate tolerance after starvation and low carbohydrate diet. Injection of a 
small dose of insulin produced a readjustment of the blood sugar curve to 
almost normal. 

Brailsford Robertson, commenting on Southwood’s paper, takes the view 
that during starvation, and hence low blood sugar, there is diminished activity 
of the islet tissue in the pancreas and hence physiological rest to this tissue. 
This he considers to be the rationale of Allen’s fasting treatment of diabetes. 

This indeed seems very probable, particularly as the r.Q. following 50 g. 
glucose and even 75 g. glucose in none of our cases rose to 0-9 or over. This 
would certainly indicate diminished power of oxidation which evidently we 
must refer back to a diminished secretion of insulin. 

Having regard to the modern conception proposed by MacLean and 
de Wesselow [1920] that a rise in blood sugar stimulates the glycogenic 
mechanism, it seemed probable that a period of starvation would bring about 
a diminution in storage power. This conception of hyperactivity of the 
glycogenic function was based on the fact that after a dose of carbohydrate 
the blood sugar curve in its fall often reached values below the fasting level. 
But it must be remembered that this does not always occur in normal con- 
ditions. After starvation we have not, in general, observed a fall below the 
fasting level. 

The next sugar investigated was fructose. Two experiments were made 
exactly similar to those with glucose. In the second of these 50 g. glucose were 
ingested after the re-establishment of the nitroprusside test in the urine, in 
order to see if the absorption of the fructose had readjusted the disturbed 
carbohydrate metabolism. We tabulate the results as before. 


Table III. 
Period of Fructose T, T, Blood sugar Max. 
Exp. starvation g. hours hours curve R.Q. 
1 39 hrs. 50 12 1 Rose to 0-133 0-77 
2 39 50 13 ] » 0-120 0-77 
followed by 
50 g. glucose 1 3 Normal —- 


The average normal fructose curve for the writer is given for comparison, 
the sugar having been ingested at the time of the first blood sugar determina- 


tion. 
Time (mins.) 0 30 60 90 120 
Blood sugar % 0-110 0-130 0-120 0-105 0-101 
We must therefore consider that the fructose curve after starvation is not 
appreciably changed from the normal. If we accept the view that the fructose 
curve is an index of the carbohydrate-storing power of the organism, then it 
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would seem that after starvation storage power is normal. Unfortunately the 
fructose test is not unequivocal, but it would seem that deficient storage is 
not the principal cause of the lowered carbohydrate tolerance after starvation. 

The results with fructose may be summarised as follows: 

1. Fructose acts very efficiently as an antiketogenic agent, having over- 
come the ketosis in about 14 hours and preserved a balance for 1 hour. 

2. The period of negative nitroprusside reaction in the urine corresponded 
with the period of fall in blood sugar, showing that active antiketogenesis 
takes place during storage and oxidation of the carbohydrate. 

3. The blood sugar curve did not indicate any deficiency in storage power, 
and normal carbohydrate metabolism was re-established by the fructose as 
shown by a normal glucose curve after the fructose curve had returned to 
normal. 

4. The respiratory quotients indicated deficient oxidation and the maxi- 
mum R.Q. was reached some time after the maximum blood sugar was reached. 
Bornstein and Holm [1922] have also shown that there is a latent period be- 
tween the administration of sugar and the rise in R.Q., which contrasts with 
the immediate rise in blood sugar. It would seem that a certain height of 
blood sugar must be reached before the mechanism of oxidation is brought 
into full play. When the requisite level is reached the insulin secretion is 
stimulated and oxidation proceeds rapidly. 

The next sugar investigated was galactose. A preliminary starvation of 
42 hours was undergone, at the end of which a considerable ketosis had 
appeared. As in the former experiments 50 g. of the sugar in 200 cc. water 
were taken. 

The findings in this experiment may be summarised as follows: 

1. The ketosis was not affected by the ingestion of galactose. The nitro- 
prusside reaction remained positive and the quantitative results agreed with 
the qualitative findings, except for a tendency to a diminution in the hourly 
excretion; but complete keto-antiketogenic balance never occurred. 

That the galactose was absorbed appears in the fact that a powerful 
galactosuria and a rise in blood sugar occurred during the experiment. 

It would appear that this sugar is incapable, at least during the period of 
this experiment, of controlling the ketosis of starvation. 

2. The blood sugar eurve commenced at 0-08 %, rose in 1 hour to 
0-135 % and regained the normal in a further 80 minutes. 

3. The R.Q. rose from a fasting level of 0-704 to 0-736 an hour after the 
galactose was taken and fell again to 0-704 in another hour. 

4. The urine showed a powerful reduction of Fehling’s solution when the 
blood sugar was between 0-104 % and 0-135 %, and continued to do so for 
nearly 4 hours, long after the blood sugar had returned to normal. 

5. 50g. glucose administered after the galactose blood sugar curve had 
returned to normal, produced an entirely normal curve, showing that the 
galactose had readjusted the disturbed carbohydrate metabolism. 
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6. There is a diminution in storage and oxidation of this sugar after 
starvation. 

Normally 50 g. galactose taken by the writer 3 hours after a meal pro- 
duces practically no rise in blood sugar, but galactosuria occurs in less than 
30 minutes after taking the sugar. 

As a result of many experiments on normal subjects with 50 g. galactose 
we have concluded that it gives rise to a blood sugar curve comparable to 
that of fructose, has no definite threshold and filters through the kidney 
with ease. 

A similar experiment was carried out with lactose after a preliminary 
starvation of 40 hours. The results were very similar to those obtained with 
galactose. The ketosis was unaffected by 50g. lactose and even the ad- 
ministration of a further 50 g. 3 hours after the first dose failed to overcome 
the starvation ketosis. 

There was-some doubt whether the lactose was completely absorbed as a 
considerable diarrhoea occurred later, and 15 estimations of blood sugar at 
intervals of about 15 minutes showed no appreciable changes. Lactosuria, 
however, occurred 30 minutes after the first dose of lactose and continued 
throughout the experiment; some of the sugar, therefore, was certainly 
absorbed. 

The question as to the normal tolerance to lactose is unsettled. Folin and 
Berglund [1922] consider that it has no threshold, since they obtained lacto- 
suria after 30 g. lactose without any attendant rise in blood sugar. Others, 
however, have found no lactosuria after more than 100 g. In our experiments 
we have in general found lactosuria after 50 g. and it has been present at low 
levels of blood sugar, e.g. 0-102 %, 0-096 %. We must, therefore, subscribe 
to the view that lactose has no real threshold and can appear in the urine at 
any level of blood sugar. 

The next sugar examined was sucrose. The preliminary period of starva- 
tion was 44 hours, after which 50 g. sucrose in 200 cc. of water were taken. 
The ketosis developed was of the same order as those in former experiments 
and the conditions were as far as possible identical. 

The results may be summarised as follows: 

1. The sucrose rapidly and effectively controlled the ketosis. In | hr. 
2 mins. the nitroprusside reaction became negative and remained so for a 
period of 1 hr. 7 mins. This sugar, therefore, whilst overcoming the ketosis 
as rapidly as glucose or fructose, was unable to preserve the keto-antiketogenic 
balance for more than 1 hr. 7 mins. 

The normal curve for the writer is as follows: 


Time Blood sugar % 
Fasting 0-100 
50 g, sucrose taken 
30 mins. later 0-145 No glycosuria 
60 : 0-164 
90 “a 0-153 
120 0-090 


Bioch. x1x 
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2. The blood sugar curve showed the abnormal rise and extended period 
of fall which has been observed with glucose. The fasting level was 0-09 % 
and 44 minutes after the sucrose was taken the blood sugar was 0-206 % and 
took 2 hrs. 40 mins. to return to 0-111 %. 

3. The r.Q. showed a rise from 0-71 to 0-83 62 minutes after the sugar 
was taken and 18 minutes after the blood sugar had reached a maximum. 
It subsequently fell to 0-71. 

4. The period of negative nitroprusside reaction corresponded to the 
period of fall in blood sugar. 

5. Glycosuria occurred at a blood sugar level of 0-206 % and continued 
until the blood sugar was 0-11 %. 

A similar experiment was carried out using maltose, the initial period of 
starvation being 374 hours. 

The findings may be summarised as follows: 

1. 50 g. maltose rapidly and effectively controlled the ketosis. The nitro- 
prusside reaction became negative in | hr. 8 mins. and remained negative for 
a further 2 hours. 

2. The blood sugar starting at 0-097 % rose to a maximum of 0-179 % in 
1 hr. 13 mins. and reached the fasting level in a further 90 mins.: 50 g. maltose 
normally raise the blood sugar to 0-16 % in 30 minutes and it reaches the 
normal again in a further 60 minutes. 

The deficiency in carbohydrate tolerance after starvation is thus again 
manifest, although maltose does not exhibit it as well as glucose or sucrose. 
The urine throughout the experiment showed no tendency to reduce Fehling’s 
solution. 

3. The nitroprusside reaction remained negative throughout the period 
of fall in blood sugar. 

The next sugar investigated was mannose which differs from glucose only 
in the arrangements of the H and OH groups at the second carbon atom. In 
taste it is peculiar. At first it seems quite sweet but in a moment or two a 
quinine-like flavour appears. 

In the experiment the preliminary period of starvation was 39 hours. The 
mannose produced a violent intestinal disturbance with diarrhoea. The 
ketosis was entirely unaffected and the blood sugar showed no significant 
change. No reduction of copper occurred in the urine. It would appear that 
the mannose was not well absorbed so that we cannot at present be certain 
of its efficacy as an antiketogenic agent. 

The last experiment deals with the effect of glycerol on the ketosis of 
starvation. 

It is generally stated that glycerol is capable of forming carbohydrate in 
the body and that it increases the excretion of sugar when administered to 
diabetics; it has also been claimed that glycerol exerts some antiketogenic 
action. In man 20g. glycerol can be completely oxidised. On taking 27 g. 
in one dose, 0-5 to 1 g. appears in the urine. It seemed, therefore, probable 
that glycerol would be effective in overcoming starvation ketosis. 
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To test this a fast of 38 hours was undergone after which 100 g. glycerol 
in 200 ce. water were taken. After taking this solution a violent headache 
was experienced which made it almost impossible to continue. 

Summary of findings: 

1. A very pronounced diuresis was observed, the volume passed every 
15 minutes being about 40 cc. as compared with an average of 9 cc. in former 
experiments. 

2. The nitroprusside test in the urine decreased somewhat in intensity 
but the total excretion of ketonic substances did not diminish. 

3. The blood sugar increased from 0-09 to 0-113 % in the first half-hour 
after the glycerol was taken and returned to 0-09 % an hour later. 

4. There was a marked excretion of glycerol in the urine. 

We conclude from this experiment that glycerol has no antiketogenic 
action and, in doses of 100 g., produces no marked change in blood sugar. 


SUMMARY. 


1. The antiketogenic activity of certain sugars has been examined by 
administration during starvation ketosis. 

2. Glucose, fructose, sucrose, and maltose have an antiketogenic action, 
whilst galactose, mannose, lactose and glycerol are inert. 

3. The deficiency in carbohydrate tolerance after starvation, has been 
examined. Evidence of some deficiency in storage power and oxidation after 
starvation has been presented. Normal conditions are re-established after 
the administration of carbohydrate. 

4. The rise in respiratory quotient following the ingestion of a sugar has 
been shown to oecur some time after the maximum blood sugar is reached. 

5. The maximum antiketogenic action of the sugar, as evidenced by a 
negative nitroprusside reaction, has been shown to occur during the period 
of fall in blood sugar, 7.e. during storage and oxidation of the sugar. 


I wish to thank Professor MacLean, of St Thomas’s Hospital, for much 
advice and encouragement during the prosecution of this work. 
My thanks are due to Dr Alexander Lyall for much help in the estimations. 
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INTRODUCTORY AND GENERAL. 


Amone the secondary chemical changes taking place in the cells of higher 
plants, lignification has been commonly held to proceed at the expense of 
cellulose, giving rise to membranes composed of compound cellulose such as 
lignocellulose. We have no precise knowledge of how lignocellulose is formed, 


from what substance or substances it originates, and what is its physiological 
significance in plant economy. Still less do we know concerning its exact 
chemical nature and its relation to other plant constituents. 

It may be resolved by suitable chemical treatments in such a way that 
the non-cellulose constituent, viz. lignin, is rendered soluble at the least 
expense, leaving behind a maximum amount of cellulose. Lignocellulose 
plays an important part in the soil. Thus the processes of decay to which it 
is subjected vary according to the aerobic or anaerobic conditions to which 
it is exposed. It is only the cellulose component however that disappears, 
being broken down into gaseous and other products, whilst the aromatic 
lignin component remains behind and accumulates in the soil, furnishing that 
valuable organic constituent—humus—which is largely responsible for the 
texture of the soil. 

Much evidence, e.g. Bray and Andrews [1924] and du Toit [1924], exists 
in favour of the view that the humic matter of the soil is derived from lignin 
and not from carbohydrates. Closely related to the humic acids of the soil, 
we find in coal a series of ill-defined substances known as “ulmic acids.” 

The chemistry of wood substance, designated as wood lignin or wood 
fibre, and the various microchemical colour reactions, have been the subject 
of numerous investigations which are well summarised in Czapek’s “‘ Biochemie 
der Pflanzen.” 

It has generally been considered that the different colour reactions ob- 


2 Part of a Thesis approved for the Degree of D.Sc., University of London. 
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tained with wood are due to its aromatic constituents, whether free or com- 
bined. These colour reactions may be due to conifery! alcohol or a substance 
or substances having a similar propenyl or hydroxypropeny] grouping; or they 
may be due to a substance of the nature of vanillin. There seems no doubt 
that the active grouping concerned in the coloration is of the nature of an 
aldehyde, and not of a quinone. This conclusion is supported by the work 
of Selivanoff [1891] and Nickel [1887, 1889] who first showed that the lignin 
reaction disappears on treating the wood with sodium bisulphite, or hydroxy]l- 
amine. 

Czapek [1899] obtained a crystalline aldehydic substance which he termed 
“hadromal,” giving all the colour reactions of wood, by treating wood with 
boiling stannous chloride solution. Hadromal is actually one of the aromatic 
constituents concerned partly in the lignification process and it is linked 
chemically with cellulose and other polysaccharides. The yield of hadromal 
does not exceed 1-2 % of the wood substance by the method employed by 
Czapek [1899]. On the other hand, the aromatic lignin component according 
to the methods hitherto proposed for its estimation is obtained in a yield of 
10-30 % of the wood substance. The difficulty encountered in settling the 
hadromal question is due to the fact that so far we are not in possession of 
any method by which we can isolate this aromatic constituent exactly as it 
exists in combination with polysaccharides without destroying its reactive 
grouping. The methods employed for isolating the ligneous aromatic con- 
stituent in the above yield (10-30 °) depend on the treatment of lignified cell 
walls with 72 % sulphuric acid, concentrated hydrochloric acid, or caustic 
alkali which bring about certain changes. When we take all the properties 
of lignocellulose into account it appears to the writer that the aromatic con- 
stituent just before lignification is not of the nature of hadromal, but that it 
is produced by a secondary transformation of this aromatic component by 
processes of oxidation. At any rate the amount of the substance of the nature 
of hadromal thus produced is very variable even in the fully lignified cell wall. 

Phloroglucinol is thus not a stain for the major part of the aromatic 
constituent which is the precursor of the one present in lignocellulose but 
rather for an aldehyde of the nature of hadromal. This aldehyde is always 
associated with lignin into which the major part of the aromatic substance 
formed first in the plant and not stained by phloroglucinol is converted. 
A test has been devised by the writer to which aromatic substances utilised in 
lignification respond readily. It is found that a 1 % solution of vanillin in 
concentrated sulphuric acid is a very sensitive reagent giving a bright-red 
coloration with such aromatic substances as are utilised in lignification. 
Further, the presence of these substances can be detected in parts not shown 
by the phloroglucinol reaction, and the localisation of the aromatic constituent 
by this reagent has thrown much light on the mechanism of lignification, for 
we can actually follow the migration and production of the aromatic substance 
in certain zones. 
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On the basis of many observations it was held by Erdmann and Baltzer 
[1873] and Cross and Bevan [1883-1895, 1] that cellulose is in ester-like 
combinations in wood. Wislicenus [1909, 1910], on the other hand, held that 
cellulose is only an adsorption compound with other substances contained in 
wood. Koenig [1912] also opposed the ester hypothesis since on treating wood 
with 72 % sulphuric acid and diluting with water he obtained a residue of 
lignin retaining the cell wall structure, whilst the cellulose was saccharified. 
Various reasons will be given in the present work in favour of the writer's 
view that lignin is present in combination with cellulose and certain poly- 
saccharides as a glucoside. Our knowledge of the chemistry of lignocellulose 
we owe primarily to the valuable researches of Cross and Bevan [1895, 2-1916], 
where its properties are well summarised. 

Lignocellulose does not take part directly in the cellulose xanthate re- 
action. Cellulose combines with sodium hydroxide, and the alkali cellulose on 
exposure to carbon disulphide reacts according to the followimg equation in 
which one of the hydroxyl groups of the cellulose molecule appears to react 
with greater facility than the others. 

O—R 


ROH +NaOH +C8,=CS% 


+H,0. 
\s-Nna 


The resulting compound, alkali cellulose xanthate, is perfectly soluble in 
water giving a very viscous solution. When lignocellulose from jute is sub- 
mitted to this reaction a partial conversion (20-50 °%) of the constituents of 
the fibre is observed. In this reaction it is the group designated by f-cellulose 
that takes a part and is in fact dissolved, whilst the undissolved residue 
possesses all the properties of the original lignocellulose. On the other hand 
the lignocellulose of wood is completely resistant to the cellulose xanthate 
reaction. The writer believes that this behaviour points to the fact that in 
the molecule of lignocellulose from wood both the a- and f-celluloses are in 
firm chemical union with the lignin component, whilst f-cellulose in those 
lignocelluloses which participate partially in the xanthate reaction is more 
probably a mixture of unlignified f-cellulose together with the true ligno- 
cellulose. Further, it is well known that of the three free hydroxy! groups in 
the molecule of cellulose there is one which is much more reactive than the 
others and is the first to take part in the thiocarbonate reaction, This leads 
the writer further to conclude that when this reactive hydroxyl group is 
already occupied or blocked through its lnkage with the lignin component 
there exists a molecule of true lignocellulose composed of celluloses a- and 
B- linked chemically with the lignin constituent, which, as a whole, although 
containing free hydroxyl groups, is inert as far as the thiocarbonate reaction 
is concerned. This behaviour is not surprising as steric hindrance plays an 
important part in certain reactions in which the hydroxyl groups of poly- 
saccharides are involved. If lignin were merely adsorbed on cellulose as held 
by Wislicenus and Kleinstuck [1910] we should expect it to be readily 
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dissolved by the alkali of mercerising strength (17-18 %%) used in the thio- 
carbonate reaction, as it is a powerful solvent for free lignin, and in addition, if 
the reactive hydroxyl group of the cellulose constituent were free, it should 
form the cellulose xanthate. As lignocellulose from wood does not take any 
part directly in the above xanthate reaction, the writer considers she is 
justified in concluding that the usual reactive hydroxyl group of the normal 
cellulose is linked chemically with the lignin component in lignocellulose. 


RESOLUTION OF LIGNOCELLULOSE. 


Amongst the different methods employed for resolving lignocellulose, the 
chlorination process and the treatment with nitric acid have been employed, 
but these are too costly for industrial operation. The industrial processes of 
resolution are chiefly based on treatment with sulphites or bisulphites or 
alkalis. The recent work of Klason [1917, 1922, 1923], throws much light on 
the nature of the lignin constituent which is present as a soluble sulphonic 
derivative in the digested mixture. The sulphite lye after digestion has been 
shown to contain two ligninsulphonic acids corresponding to lignin-e and 
lignin-f. 

The resolution with alkalis is effected with 7-10 % sodium hydroxide at 
a pressure of 6-10 atmospheres. The alkaline mode of resolution has many 
points to commend itself for critical scientific investigation, the results of 
which are described herein. It is very rapid and complete, and, from the 
point of view of investigating the lignin component, it has the advantage that 
this can be isolated in the full yield, without any radical decomposition of the 
aromatic nucleus, by simply acidifying the alkaline liquid, as it is insoluble 
in acid solutions or in water. From the crude precipitate, lignin can be 
isolated quantitatively by suitable purification. This has now been accom- 
plished in a very simple manner, and conditions have been found under which 
the resolution of lignified plant materials can be accomplished readily, and 
further, the same conditions have been extended to the preparation and quanti- 
tative estimation of lignin. 

When lignocellulose is boiled with a 5-10 % solution of caustic soda at 
the ordinary pressure the resolution does not proceed beyond 15-20 % of 
the total lignocellulose. On treating with alkali at higher pressures in an 
autoclave the amount hydrolysed rapidly increases with the pressure. When 
the pressure is kept constant and the strength of alkali is varied, hydrolysis 
increases with the concentration up to a certain limit, beyond which decom- 
position of lignin sets in. The preliminary experiments to establish these 
conditions were carried out with a homogeneous sample of sawdust from white 


deal as follows. 

Five grams of the wood shavings or sawdust are accurately weighed out and 
transferred to a 200 cc. “durosil” test tube (2” x 8”), containing 100 ce. of 
caustic soda solution of varying strengths and heated at pressures of 2-5 
and 3 atmospheres for 1 hour. At the end of this period the contents are 
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allowed to cool, made up to 250 cc. with distilled water and after thorough 
mixing, filtered through a filter paper. 50 cc. of the dark brown alkaline 
filtrate is carefully measured out with a pipette into a 100 cc. cylinder and 
acidified with 5 cc. of concentrated hydrochloric acid. The precipitated lignin, 
which is accompanied by traces of other substances, is allowed to settle and 
filtered through a small Buchner funnel. It is well washed with cold distilled 
water until the filtrate as tested with silver nitrate is free from chlorides. 
The lignin is readily freed from the accompanying impurities by dissolving it 
in boiling 95 % alcohol in which the impurities are insoluble. The precipitate 
together with the filter paper is transferred carefully to a beaker so that it 
rests flatly on the bottom. It is treated repeatedly with boiling 95 % alcohol 
just sufficient to cover the paper and the alcoholic solution carefully filtered 
into a weighed flask. The extraction is repeated until the alcoholic solution is 
quite colourless, and any lignin remaining on the filter paper is thoroughly 
washed out with boiling alcohol. The alcoholic filtrate is evaporated to dry- 
ness and weighed to constant weight as lignic acid. On the extraction of the 
precipitated crude lignin with alcohol a trace of insoluble matter, chiefly 
composed of cellulose-8 giving all its reactions, remains behind [Powell and 
Whittaker, 1924]. Results of experiments with sawdust from white deal 
with varying concentrations of alkali at 2-5 and 3-0 atmospheres are given in 
the following tables. 


Concentration 
of sodium % lignic acid obtained at % lignocellulose resolved at 
hydroxide —-— 
% 2-5 atmos. 3 atmos. 2-5 atmos. 3 atmos. 
‘0 5-40 "590 28-52 31-22 
2-5 5-90 7-00 31-22 37-04 
4-0 6-10 7-30 32-27 38-62 
5-0 5-80 6-90 30-68 36°51 
7-5 4-90 5-60 25-93 29-63 
10-0 4-20 5-10 22-22 26-98 
15-0 3-40 4-40 17-99 23-28 


The above results show that the maximum amount of resolution was 
produced with 4 % sodium hydroxide solution. In the next series therefore 
concentration was kept constant, and the pressures varied up to 16 atmo- 
spheres using 4% NaOH solution. The results are given in the following 
table. 


Pressure in % lignic acid % lignocellulose 
atmospheres obtained resolved 
Normal pressure 2-50 13-23 
1 4-60 24-34 
2 5-05 26-72 
3 7-40 39-15 
4 8-67 45-87 
5 10-50 55-55 
6 12-70 67-19 
7 14-30 75-66 
8 15-50 82-01 
9 17-70 93-65 
10 18-90 100-00 
12 19-20 — 


19-20 —_— 
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The foregoing results show that the resolution of the lignocellulose is 
practically complete under the conditions mentioned at 10 atmospheres. As this 
pressure corresponds with a temperature of 180°, it was considered advisable 
not to exceed it as ordinary resistant cellulose remains practically unattacked 
at that temperature. In view of these results a few experiments were carried 
out to ascertain if it were possible to reduce the pressure below 10 atmospheres 
and obtain complete resolution by slightly extending the period of digestion 
from 1 hour to 1-5 hours. The results obtained were as follows. 

The percentage of lignic acid obtained at 8 atmospheres with 4 °%, NaOH 
solution after 1 hour and 1-5 hours’ digestion was 15-6 and 17-1 respectively. 
Similarly the percentage of lignic acid obtained at 10 atmospheres after 
1 hour and 1-5 hours was 18-9 and 18-95 % respectively. These preliminary 
experiments were further sufficient to show that the resolution was complete 
at 10 atmospheres in | hour whilst at 8 atmospheres even after 1-5 hours the 
percentage resolved did not approach that at 10 atmospheres and 1 hour. 


ESTIMATION OF LIGNIN. 


Having arrived at these conditions of complete resolution it was thought 
worth while to investigate if the principle outlined above could not be applied 
to the elaboration of a reliable method for estimating lignin in plant materials, 
as the present methods for the determination of lignin are not reliable or 
suitable for carrying out a large number of determinations. In the first place, 
it was necessary to ascertain if the lignic acid suffered any decomposition when 
treated with alkali at 10 atmospheres. For this purpose, varying amounts 
of lignic acid were dissolved in 20 cc. of 4 °% sodium hydroxide and digested 
at 10 atmospheres for 1 hour. The results were as follows: 


Weight of lignic acid Weight of lignic acid obtained 
taken. g. after digestion. g. 
0-055 0-052 
0-110 0-108 
0-165 0-162 
0-220 0-221 


The results show that under the above conditions lignic acid does not 
suffer appreciable decomposition and the procedure was extended therefore 
to the determination of lignin in different woods. It will be here unnecessary 
to review the methods which have hitherto been proposed for the estimation 
of lignin. An examination of the proposed methods [Konig and Rump, 1914; 
Konig and Becker, 1918; Willstaétter and Zechmeister, 1913; Krull, 1916; 
Benedikt and Bamberger, 1890; Herzog, 1896; Cross, Bevan and Briggs, 
1907 ; Seider and Hempel, 1907] is sufficient to show that the difficult problem 
of the estimation of lignin has not yet been solved in a satisfactory manner. 

Having now shown that lignocellulose can be resolved quantitatively by 
heating it with 4 % sodium hydroxide for 1 hour at 10 atmospheres, and that 
the lignin can be recovered quantitatively after such treatment without any 
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primary decomposition, a direct gravimetric method has been devised on the 
basis of these results for estimating lignin. 

The procedure is as follows. 5 g. of the wood is accurately weighed out in 
a thick glass durosil test tube 8” x 2” and heated with 100 ce. of 4 % sodium 
hydroxide solution at 10 atmospheres for 1 hour. The solution after cooling 
is made up to 250 cc. and filtered. The lignic acid is then estimated in an 
aliquot volume of the filtrate (50 cc.) according to the process already de- 
scribed. From the amount of lignic acid the percentage of lignin can be 
readily calculated. The procedure has been applied to the. determination of 
lignin in a large number of woods and has been found to give most consistent 
results. 

When we come to examine the nature of lignin we shall see that, like all 
other secretory products of constructive metabolism, it is present in varying 
amounts in different woods partly in the free condition directly extractable 
by alcohol, the remaining major portion in chemical combination with the 
cellulose hydrolysable by alkali. 

Accordingly, the estimations of lignin have been carried out on unex- 
tracted and extracted timbers, giving the total and combined lignin respec- 
tively, whilst the difference corresponds with the free lignin. The results of 
these estimations are given in the following table, and in a few cases (sufficient 
for the purpose) are also compared with those obtained by the method of 
Konig and Becker [1918]. 

It will be seen that the results obtained by the latter method are decidedly 
higher than those given by the alkali method. Since the estimation of lignin 
by treatment with concentrated hydrochloric acid (45 %) is well known to 
give results concordant with those obtained by 72 °% sulphuric acid, only the 
latter method was employed for comparison. The values hitherto recorded 
for the percentage of lignin obtained by the last two methods are too high 
for the following reasons. In the first place, it must be admitted that lignin 
obtained by these two methods is not pure. It is also assumed that no 
secondary reactions occur and that the carbohydrates are completely removed. 
Hagglund [1923, Hagglund and Bjorkman, 1924] in a series of papers giving 
the results of a critical examination of the nature of lignin obtained by the 
concentrated hydrochloric acid method has shown that the lignin always 
retains a portion of hexosan and pentosan residues amounting to 10-12 %, 
which is constant over a very prolonged period of treatment. 

The writer also observed on critical examination of the lignin prepared 
by treatment with 72 % sulphuric acid that it is not only associated 
with carbohydrate residues amounting to 4-0-6-0 %, but that it suffers 
sulphonation during the treatment. This is proved by the fact that after 
carefully washing the lignin free from sulphates it gives, on ignition with pure 
sodium carbonate, sulphate amounting to 12-0-14-0 % SO,. The values 
obtained by these methods can therefore hardly be considered as reliable. 
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Estimations of total, combined and free lignin in timbers. 


Combined Free 
Total lignin lignin lignin 
4% NaOH 72% HSO, 4% NaOH 4% NaOH 
Timbers % % % % 

Lignum Vitae 38-39 47-99 15-57 22-82 
Teak 31-07 45-80 22-66 8-41 
Rose Wood 27-28 41-10 11-89 15-39 
Red Deal 26-40 35-70 20-41 5-99 
Mahogany 24-22 33-95 19-66 4-56 
Pitch Pine 23°77 33-80 17-90 5°87 
Oregon Pine 21-11 36-70 18-73 2-38 
Larch 21-33 32-80 18-33 3-00 
Oak 21-10 31-20 17-33 3°77 
Yellow Pine 20-30 32-08 18-70 1-60 
White Deal 20-50 29-10 18-70 1-80 
Elm 19-32 27-00 17-32 2-00 
Ebony 18-97 52-10 15-73 3°24 
Box Wood 18-50 26-29 14-44 4-06 
Spruce 17-80 30-55 16-98 0-82 
Black Wood 17-06 — 7°72 9-34 
Parana Eucalyptus 16-30 -_ 13-03 3°27 
Sandal Wood 16-11 -- 14-55 1-56 
Walnut 16-01 -- 11-29 4-72 
Canary Wood 15-27 — 11-60 3-67 
Plane Wood 14-36 _ 9-90 4-46 
English Oak 14-14 = 13-17 0-97 
Ash 11-93 — 11-05 0-88 
Birch 10-48 -- 9-66 0-82 
Beech 9-32 oe 9-00 0-32 


Micro-estimation of lignin. There is as yet no reliable micro-method for 
the estimation of lignin and, being specially interested in the study of its 
distribution, the writer next directed her attention to elaborating a colori- 
metric method for its estimation. There was no difficulty in such micro-work 
as far as the resolution of lignocellulose was concerned and the problem was 
to estimate the lignin present in the alkaline extract obtamed under the con- 
ditions described above for its macro-estimation. It was first decided to make 
use of the marked phenolic properties of lignin in such micro-estimation by 
coupling it in alkaline solution with an excess of a diazotised aromatic amine. 
The amount of the dye produced is then under proper conditions proportional 
to the amount of lignin. 

The amine is dissolved in 10 parts of water containing the equivalent 
quantity of hydrochloric acid. The solution is cooled to 0° and a saturated 
solution of the calculated quantity of sodium nitrite is added all at once. 
The solution may be tested after 5 minutes with potassium iodide paper to 
ensure an excess of nitrite. To carry out the coupling, an alkaline solution 
of the phenolic substance (e.g. lignin) after cooling to 5-10° is treated with 
an excess of the diazotised base. Care is taken that the phenol solution should 
contain sufficient alkali and that the mixture does not become acid. On the 
addition of the diazotised amine, a dye is produced which can be employed 
for colorimetric estimatién. A few preliminary estimations were conducted 
on the above lines by coupling lignin in alkaline solution with diazotised 
aniline, p-nitraniline, m-phenylenediamine, e-naphthylamine and benzidine. 
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Lignin gave rise to dyes having a reddish brown tinge with the first three 
diazotised bases, whilst a-naphthylamine and benzidine gave deep red colours. 
Of these two, benzidine was selected as the more suitable as the colour was 
much more permanent than that obtained with a-naphthylamine. The diazo- 
tised benzidine solution was prepared as follows. One g. of benzidine was 
dissolved in 10 cc. of water containing 2 cc. of concentrated hydrochloric 
acid and diazotised with a saturated solution containing 0-8 g. sodium nitrite. 

Benzidine was particularly suitable compared with other amines because, 
with these, traces of the corresponding phenols are produced during diazo- 
tisation according to the following equation if the temperature is not suffi- 
ciently low: 

R.N,.Cl+ H,O = R (OH) + N, + HCl. 

The phenol thus produced itself gives a colour on adding alkali. With ben- 
zidine however, this was not observed. A standard solution of lignin was 
prepared by weighing out 0-1 g. of pure anhydrous lignin, dissolving in a little 
alkali and making up the solution to 250 cc. To carry out the colorimetric 
estimation | cc. of the above lignin solution = 0-4 mg. lignin was accurately 
measured out with a | cc. pipette, graduated to 0-01 cc., in a 100 cc. Nessler 
cylinder containing 2 cc. of 4 % sodium hydroxide. To the mixture was added 
0-5 ec. of the diazotised 1 °% benzidine solution and after diluting to about 
50 ce. it was left at the ordinary temperature for half an hour. The volume 
was then made up to 100 cc. and the tint compared with that obtained in a 
solution containing an unknown amount of lignin. In order to test the 
accuracy of the above method, experiments were first conducted with known 
amounts of lignin, varying from 0-1—1-0 mg. The results of these experiments 
showed that they were always reliable so long as the tint of the standard or 
the unknown solution was within 95 % of the other solution. This necessi- 
tated the preparation of a large number of standards, and attempts were 
therefore made in another direction to improve the estimation on the same 
principle. A solution of phosphotungstic and phosphomolybdic acids in phos- 
phoric acid is the most sensitive reagent we possess for estimating minute 
amounts of aromatic substances containing hydroxyl groups, which in a 
solution made alkaline with sodium carbonate give a deep pure blue coloration 
with the above reagent. The reagent was first introduced by Folin and Denis 
[1912] for the colorimetric estimation of tyrosine. It is prepared by dissolving 
100 g. sodium tungstate, 20 g. phosphomolybdic acid and 50 cc. of 85 % 
phosphoric acid in 750 cc. of water. The solution is boiled under a reflux 
condenser for 2 hours, cooled and made up to 1000 cc. A standard solution 
of lignin in dilute alkali was prepared by weighing out 0-5 g. of pure anhy- 
drous lignin and dissolving it in about 25 cc. of 4 % sodium hydroxide solu- 
tion; it was then carefully made up to 500 cc. so that 1 cc. = 1 mg. lignin. 
A few qualitative tests showed that the reagent gave a beautiful blue colour 
with quantities of lignin varying between 1-0-0-01 mg. The standard condi- 
tions employed for the colorimetric estimation are as follows. Known volumes 
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(1-0-0-1 cc.) of the standard lignin solution are accurately measured out into 
Nessler cylinders and to each is added 2-5 cc. of the phosphotungstic phos- 
phomolybdic reagent and after 5 minutes 12-5 cc. of a saturated solution 
of sodium carbonate. The volume is made up to 100 cc. and the colours 
matched with that obtained under similar conditions from an unknown amount 
of lignin. Experiments first undertaken with known quantities of lignin 
showed the method to be thoroughly reliable so long as the depth of the colours 
under comparison did not differ by more than 20 %. The results were also 
in close agreement with those obtained by the gravimetric method. 


DiIstTRIBUTION OF LIGNIN IN Woop. 


The method was first employed in studying the distribution of lignin in 
the autumn and spring wood of Oregon pine and spruce. The autumn and 
spring wood were first separated by cutting a thin shaving of uniform thick- 
ness of the wood along the borders of the bands of the autumn and spring 
tracheides. The relative weights of the autumn and spring tracheides sepa- 
rated in the above manner from Oregon pine were found to be approximately 
2 : 1 whilst from spruce they were in the ratio of 1 : 2 respectively. 0-1—0-2 g. 
of the cuttings containing the autumn or the spring wood was digested with 
20 cc. of 4 94 NaOH at 10 atmospheres for 1 hour. The digested liquid was 
then made up to 100 cc. with distilled water and filtered. As the alkaline 
extracts thus obtained contained substances other than lignin, also giving 
a coloration with the phosphotungstic-phosphomolybdic reagent, it was 
necessary to separate the lignin from these. 

A known volume (1-0-5-0 cc.) of the digested liquid is accurately measured 
out into a 15 ce. centrifuge tube and acidified with a few drops of concen- 
trated hydrochloric acid. The precipitated lignin is centrifuged, washed twice 
with distilled water and dissolved in a few drops of 1 % sodium hydroxide. 
The alkaline solution is carefully washed into a Nessler cylinder and the 
colorimetric estimation carried out as already described. 

In order to determine whether there was any decomposition of lignin 
under the conditions employed for the digestion in the micro-estimation, 
quantities of lignin varying between 5-30 mg. were dissolved in 20 cc. of 
4 % sodium hydroxide and heated in an autoclave for 1 hour at 10 atmo- 
spheres pressure. The solutions were then made up to 100 cc. and the lignin 
estimated colorimetrically in an aliquot portion as described, but no diminu- 
tion in the quantity of lignin was observed. 


Distribution of Lignin in Autumn and Spring Wood of 
Spruce and Oregon Pine. (Dry.) 


Lignin % 
* Autumn wood Spring wood 
Spruce 17-7 15-1 
Oregon pine 14-4 18-6 


The above results are the average of a number of estimations. 
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The same method was next applied to the study of the distribution of 
lignin in different parts of Scotch fir (Pinus sylvestris). The results are given 
in the following table. The twigs were further subdivided into four concentric 
rings so as to study the lignin content in separate layers. 


Percentage of Lignin in different parts of Scotch Fir. 


Lignin % on = Lignin % on Moisture 
green dry % 

Leaf 5-10 8-63 40-9 
Buds 1-90 9-4 79-7 
Thick twig 14 years old: cortex 1-79 5-44 56-5 
outer ring 11-1] 14-29 24-9 

inner ring 15-50 23-08 34-9 

centre 8-57 11-69 26-7 

Thin twig 4 years old 8-34 15-90 47-6 
Thin twig 2 years old: end portion 6-17 9-56 35°5 
bottom portion 7-82 12-12 35-5 


Percentage of Lignin in different layers of stems of Hawthorn, 
Ash and Diseased Ash. 


Lignin % 





- 
Cortex 


Outer ring Inner ring Centre 
Hawthorn 14-07 8-94 11-37 10-24 
Diseased ash 12-53 13-71 = 15-30 
Normal ash Average 11-93 
Diseased ash sc 13-80 


The above results show that there is no marked variation in the lignin 
content of the autumn and spring wood. The lignin content of the buds is 
striking in that they contain practically the same amount of lignin as the 
older parts. The lignin content of the green buds is only 1-9 % owing to the 
high moisture content. This indicates that lignification commences at a very 
early stage simultaneously with the thickening of the cell wall. 

The woods are known in nature to be susceptible to two types of attack 
by organisms known as white rot and brown rot. It is believed that in the 
former decomposition of lignin is induced leaving the cellulose behind, whilst 
the latter type of rot proceeds at the expense of cellulose leaving lignin 
undecomposed. 

The greater percentage of lignin in different layers of a stem of slightly 
diseased ash (brown rot) compared with the average percentage in normal 
ash suggests that a preferential decomposition of cellulose probably takes 
place. 

THE NATURE AND PROPERTIES OF LIGNIN. 

Lignin as prepared under the conditions described for its estimation is 
obtained as a light brown powder, insoluble in water but soluble in dilute 
alkalis, ammonia, alcohol, acetone and acetic acid. It reduces ammoniacal 
solution of silver nitrate slightly and Fehling’s solution still less. When boiled 
with hydrochloric acid it does not give rise to furfural, hence it is quite free 
from polysaccharide units, and its characteristics agree with the generally 
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accepted view that it is wholly an aromatic compound. It has a pleasant 
aromatic odour distinctly recalling vanillm in some cases. When an alcoholic 
solution of it is evaporated to dryness in a flat dish, it is obtained in the form 
of a highly lustrous brown film. It melts at 167—169° to a clear brown liquid 
without decomposition and with a highly purified product the m.p. did not 
rise above 170°. 

Lignin possesses faintly acidic properties which are more pronounced than 
those of the polyhydroxy phenols. It dissolves in cold dilute sodium carbonate 
solution from which it is reprecipitated on acidification. Its acid value—i.e. 
the number of grams of lignin dissolved by a litre of N NaOH is 477. Lignin 
also possesses many of the characteristics of an unsaturated compound. Its 
iodine value as determined by Wijs’ method is 139. 

The determination of the acid value of lignin presented unusual difficulties, 
as, owing to its feeble acidity and the dark colour of its solution, it was im- 
possible to carry out a titration using indicators in the ordinary way. The 
procedure adopted was as follows: 0-1432 g. of finely powdered anhydrous 
lignin was accurately weighed out in a small beaker and suspended in about 
10 ce. of distilled water. The suspension was heated on a water-bath and 
29-1 cc. of N/100 sodium hydroxide were gradually run in until a small 
portion of the lignin remained undissolved. The undissolved lignin was then 
filtered off, washed thoroughly with distilled water and estimated gravi- 
metrically. The difference between this amount and the quantity of lignin 
taken, 0-1432-0-0040 = 0-1392 g., corresponds with the lignin dissolved by 
29-1 ec. of N/100 NaOH. Hence the acid value is 477. 

The iodine value which is an indication of the degree of unsaturation of 
lignin was determined as follows. 0-1 g. of pure anhydrous lignin was dis- 
solved in a little glacial acetic acid in a well stoppered flask together with 
25 ce. of Wijs’ solution. The stopper was then moistened with potassium 
iodide solution and the mixture kept in the dark fer 45-60 mins. A blank 
experiment with Wijs’ solution was also performed simultaneously under the 
same conditions. 20 cc. of 10% potassium iodide solution and 100 cc. of 
water were then added and the excess of iodine titrated with N/10 sodium 
thiosulphate using starch solution as indicator in the usual way. 

‘Titre of the blank experiment = 49-3, 49-3 cc. of N/10 Na,S,0, 
Titre of the actual 3 = 38-2, 38-4 e 3 
Average amount of iodine absorbed by 0-1 g. of lignin; (49-3-38-3) 
x 0-0127 = 0-1397 g. Iodine value = 139-7. 
Lignin prepared by the method described above behaves as a homogeneous 
compound, because on purification in different ways its properties remain 
unchanged. 

It gives very characteristic almost insoluble normal and basic calcium 
and barium salts, prepared’ by adding a solution of barium or calcium chloride 
to an ammoniacal solution of lignin. The content of calcium or barium of 
such salts varies according to the strength of the ammonia solution used for 
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dissolving the lignin. When precipitated from a strongly ammoniacal solution 
the percentage of calcium or barium is very much higher. The procedure 
generally followed for the isolation of these salts was as follows. The ammonia 
solution used for dissolving a known weight of lignin was first carefully 
freed from carbon dioxide to avoid the subsequent contamination of calcium 
or barium lignate with the carbonates. To the boiling ammoniacal solution 
of lignin, calcium or barium chloride was added in excess, when the lignin 
was precipitated as an amorphous dirty brown precipitate. It was washed 
free from salts and dried. The salt is absolutely insoluble in water, soluble in 
acetic acid, dilute sodium hydroxide solution, or alcoholic hydrochloric acid, 
and the lignin can be recovered unchanged in its properties from such salts. 
One remarkable fact which will be noticed from the following results is that 
95-98 °%% of the lignin is precipitated as the insoluble alkaline earth salt. This 
would be very unlikely if the lignin were not of a homogeneous nature. The 
results of the analysis of calcium, barium and sodium salts are given below. 
The ammoniacal salt cannot be prepared in the solid form as it dissociates 
on concentration and the lignin is precipitated as such. 


g. of sulphate 


Conc. of g. of g. of obtained by 
ammonia lignin salt ignition % of metal Yield % of 
Salt o, taken obtained with H,SO, in salt theoretical 
1 Ca 5 0-4052 0-4215 0-1325 Ca, 9-20 95 
2 Ca 1 0-2830 0-2950 0-0840 Ca, 8-40 97 
3 Ba 5 0-1400 0-2050 0-1375 Ba, 39-4 104 
4 Na* — 0-1392 0-1498 0-0213 Na, 4-6 102 


* Prepared by treating an excess of lignin with a minute quantity of NaOH under conditions 
described for the determination of acid value. 

The alkaline earth salts do not appear to have a definite composition owing 
to their tendency to form basic salts. An alcoholic solution of lignin when 
treated with a dilute solution of ferric chloride does not give any coloration 
but yields a greyish brown precipitate. 

Having found that lignin is capable of forming insoluble compounds with 
the metals of the alkaline earths, it was of interest to examine some woods in 
order to ascertain whether any of the lignin was present in this form. This 
was determined by first removing the free lignin by extraction with alcohol, 
and, the calcium lignate being easily soluble in cold alcoholic hydrochloric 
acid, the loss in weight after treatment with the latter corresponded with the 
amount of lignin present as insoluble lignate. The exact procedure employed 
is given below. 

An accurately weighed amount of wood (2-0-2-5 g.) in the form of thin 
shavings was extracted with 90 % alcohol in a Soxhlet extractor for 4} hours 
and the loss in weight was determined after drying the extracted wood to 
constant weight. The extracted wood in a glass thimble was dried and then 
placed overnight at the ordinary temperature in a 1 % solution of hydro- 
chloric acid in 90 % alcohol. It was then well washed free from acid with 


95 % alcohol, again submitted to extraction with 90 % alcohol in a Soxhlet 
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extractor for 4} hours and the loss in weight corresponding with the amount 
of insoluble lignate determined by drying the extracted shavings to constant 
weight. The results showed that lignin is not present in woods to any appre- 
ciable extent as insoluble lignate. 


CONSTITUTION OF LIGNOCELLULOSE. 


Having shown that lignocellulose is a compound in which lignin is chemi- 
cally combined with cellulose, and is not an adsorption mixture of cellulose 
incrusted with lignin, the experiments next to be described were undertaken 
with a view of determining the nature of the linkage between the two con- 
stituents in lignocellulose. When we take into consideration the nature of 
the reactive groupings in cellulose and lignin the possibilities narrow down to 
two only. In the first place we have to remember that celluloses isolated from 
lignocelluloses, unlike the unlignified celluloses of the cotton type, always 
show reducing power to some extent. The latter therefore contain only 
carbinol groups, whilst in the former we have to recognise in addition the 
presence of reactive carbonyl groups. In the lignin component, on the other 
hand, we have highly reactive phenolic hydroxyl groups which are partly 
acetylated and also methylated. Next in importance is the carboxyl group in 
lignin which as we have seen represents a very small portion of the molecule. 
In addition, attached to the benzene nucleus, is an aliphatic chain containing 
carbinol, aldehydic and unsaturated groups, but as these are not of primary 
importance in determining the nature of the linkage, they will not be con- 
sidered here. Essentially, therefore, we have to find out the types of possible 
linkages between the reactive groupings in the two components of lignocel- 
lulose. In the first place, the reactive carbonyl group in the cellulose com- 
ponent of lignocellulose can react with the phenolic hydroxyl group of the 
lignin component giving rise to a type of compound widely disseminated in 
nature, viz. phenolic glucosides, saponins and glucotannoids. On the other 
hand, if this reactive carbonyl grouping were absent, as it is from cotton 
cellulose, glucosidic linkage would not be possible. The hydroxyl groups in 
polysaccharides, which are relatively not so reactive as the carbonyl groups, 
can react with aliphatic and aromatic substances containing the primary 
alcohol group on the one hand, and the carboxy] group on the other. Substances 
formed by the linkage of the hydroxyl groups of the polysaccharides with 
the primary alcohol group of aliphatic and aromatic substances are not 
commonly found at all in nature. This is only what might be expected as the 
affinity between these two groups is by no means strong. The carboxyl groups 
of aliphatic and aromatic substances have on the contrary a considerable 
affinity for hydroxyl and carbonyl groups of polysaccharides and give rise 
to compounds which are frequently found in nature, e.g. tannins. These 
considerations may be graphically summarised as follows: 
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It is now necessary to decide between linkages I and III. The earlier 
workers who were against the adsorption hypothesis of lignocellulose, Erdmann 
and Baltzer [1873] and Cross and Bevan [1883-1895] suggested that the linkage 
in lignocellulose is of an ester type as in III. There are however strong reasons 
against the ester type of linkage in lignocellulose. In the first place a linkage 
of this type is only possible when one of the constituents possesses marked 
acidic properties. The writer has already shown that lignin does not possess 
strongly acidic properties. Further, lignocellulose, when submitted to hydro- 
lytic treatment under conditions by which other esters of the polysaccharides 
are known to be hydrolysed readily, does not behave in the same manner. 
Such esters when heated with very dilute mineral acids or even water under 
pressure are split up readily into their components. Boiling with glacial acetic 
acid and treating with oxidising agents such as potassium permanganate, potas- 
sium dichromate and hydrogen peroxide are also very effective hydrolytic 
agents. * 

Lignocellulose from which free lignin was removed by extraction with 
alcohol was heated with 20 times its weight of water and 0-5 % sulphuric acid 
at 10 and 6 atmospheres respectively for 1 hour. The extract was then 
thoroughly washed out and the residue heated with 4 °% sodium hydroxide 
in a boiling water-bath to dissolve the lignin produced on hydrolysis. The 
residue from the alkaline extract was washed thoroughly and dried. The un- 
hydrolysed lignin was then estimated in the manner already described. The 
results were as follows. 

The residual lignocellulose after treatment with water at 10 atmospheres 
for 1 hour contained 49-36 % of the total lignin, the remainder, 50-64 % 


having been hydrolysed into its components. 
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After treatment with 0-5 % sulphuric acid at 6 atmospheres for 1 hour, 
67-5 % of the total lignin was hydrolysed. 

On boiling lignocellulose with five times its weight of glacial acetic acid 
for three hours only 22-73 % was hydrolysed. 

When lignocellulose was treated with small quantities of potassium per- 
manganate there was practically no hydrolysis although with larger quan- 
tities a diminution in the lignin content was observed due to its oxidising 
action. 

These treatments are sufficiently drastic and are known to hydrolyse 
readily and completely the linkage between hydroxyl and carboxyl groups 
in the different derivatives of polysaccharides. The glucosidic linkage is on 
the other hand much more resistant. All the evidence available at present 
points to the presence of a glucosidic linkage in lignocellulose. This is further 
substantiated by the fact that aromatic substances which take part in 
lignification migrate from one part to another in the plant as glucosides. 
The writer has so far searched unsuccessfully for enzymes which would be 
likely to bring about the hydrolysis of lignocellulose. It is possible that lignin 
is in combination with the reactive modification of dextrose, the glucosides 
of which are not split up by the usual glucosidolytic enzymes. 


CELLULOSE AS A COMPONENT OF LIGNOCELLULOSE. 


It has already been mentioned that when lignocellulose is hydrolysed with 
4 % sodium hydroxide under the conditions described for the estimation of 
lignin, a residue of resistant cellulose is obtained of a high degree of purity. 
Unlike the residue obtained from other methods of resolution of lignocellulose 
it possesses an exceptionally light colour, being even snow-white in some 
cases. Chemists and physiologists have for a long time been in doubt as to 
what is to be understood by pure cellulose, and until we arrive at some 
definite conception of the purity of cellulose, the problem of its estimation 
will remain empirical. The writer does not consider that any of the numerous 
methods which have been proposed for the estimation of cellulose are accurate 
as will be seen from the considerations set forth below. 

Isolation of Cellulose-a. Cellulose has been held by Cross and other workers 
to exist in raw cellulosic materials in three forms: cellulose-a, -8, and -y. 
The distinction is more or less empirical and is based on the relative resistance 
to the specific solvent action of strong caustic soda. Cellulose-a is not attacked 
by 17-5 % sodium hydroxide solution, whilst cellulose-8 and -y both pass 
into solution. Cellulose-8 is further differentiated from cellulose-y in that it 
is precipitated on acidifying the alkaline solution with acetic acid. The sepa- 
ration is by no means sharp and is determined very largely by the physical 
condition and penetrability of the material. 

The approximate estimation is carried out according to the method 
described by Cross and Bevan [1916]. To compare the behaviour of different 
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cellulosic materials when treated with 4° sodium hydroxide at 10 atmo- 
spheres for 1 hour with that of 17-5 % sodium hydroxide at the ordinary 
temperature as employed by Cross and Bevan, a few preliminary experiments 
were carried out as a result of which a sharper separation of cellulose-a, un- 
contaminated with other celluloses has now been effected. Three materials 
were selected for these experiments, viz. cotton wool, raw untreated cotton 
fibre and sulphite paper pulp. These were treated with 17-5 % sodium hy- 
droxide. Cotton wool according to this method gave only 2 % of cellulose-8 
and -y whilst raw untreated cotton was not found to contain either cel- 
lulose-8 or ~y. These materials (1-0 g.) were next heated with 4 °% sodium 
hydroxide (25 cc.) at 10 atmospheres for 1 hour. The results are given in 
the following table. 


Treatment with 4% NaOH 
Treatment with 17-5 % NaOH at 10 atmospheres 


% cellulose-a % cellulose-8and-y % cellulose-a % cellulose-8 and -y 


Cotton wool 98-01 1-99 83-00 17-00 
Raw cotton 100-00 0-00 82-52 17-48 
Sulphite pulp 68-50 No cellulose-8 57-20 42-80 


The cellulose-a obtained after treating the cotton wool with 4 % sodium 
hydroxide was treated repeatedly with this reagent for 1 hour periods at 
10 atmospheres to ascertain its resistance, the loss in weight bemg determined 
after each treatment. 


Loss suffered by cellulose-a obtained by treating cotton wool with 4 % 
sodium hydroxide at 10 atmospheres pressure for 1 hour. 


Loss in weight Resistance value 
o/ Oo 
/o /o 
2nd treatment 5-54 94-46 
3rd me 6-96 93-04 
4th é 5-31 94-69 
5th he 5-62 94-38 
Average 5°86 94-14 


Experiments were next carried out to ascertain whether the percentage 
weight lost in the above treatments was affected by varying the relative 
volume of 4 % sodium hydroxide solution, but no variation was observed 
in several experiments. These results, taken generally, show that cellu- 
lose-a suffers an average loss of 5-86 °/ on heating at 10 atmospheres for 1 hour 
with 4 % sodium hydroxide; and, after making due correction for this, the 
true percentage of cellulose-c in the material can easily be deduced. The 
results further show that treating the cellulosic material with 17-5 °% sodium 
hydroxide does not effect a sharp separation. 

The corrected percentages of cellulose-a are given in the following table. 

% cellulose-a corrected (dry) 


Cotton wool 88-17 
Raw cotton 87-66 
Sulphite pulp 60-76 
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ESTIMATION OF CELLULOSE-a@ IN PLANT TISSUES. 


Cellulose-a prepared by treatment with 4 % sodium hydroxide under the 
conditions described is the purest type of cellulose yet isolated. 

This conclusion is substantiated by the results of a critical microscopical 
examination of the stain-taking capacity of celluloses-a, -8 and -y prepared 
by the method of Cross and Bevan and cellulose-a prepared by the writer’s 
method. It has been found that cellulose-f and -y are stained by certain dyes 
which do not stain cellulose-a and yet stain the cellulose-a obtained by the 
method of Cross and Bevan. This shows that cellulose-e prepared under the 
conditions employed by Cross and Bevan is associated with cellulose-8 and -y 
which are not completely removed. Cellulose-a has therefore been estimated 
by the writer’s method. 


Estimation of Cellulose-a in Timbers. 


% cellulose-a corrected (dry) 


White deal 44-71 
Spruce 43-34 
Red deal 40-80 
Plane wood 34:95 
Rose wood 34-50 
Black wood 29-79 
Box wood 28-73 


Distribution of Cellulose-a and Lignin in Elm (Ulma campestris). 


Cellulose-a (corrected) Lignin 
CER EER, SSS 
Parts Moist wood Dry wood Moist wood Dry wood Moisture 

% % % % ° 
Cortex 26-40 30-54 21-28 24-66 13-68 
Phloem 27-49 45-44 1-20 1-98 39-46 
Sap wood 18-42 22-31 7-90 9-56 17-44 
Heart wood 23-11 34-26 7°27 10-69 32°56 


Estimation of Cellulose-a and Lignin in Hemp and Flaz. 


Cellulose-a corrected (dry) Lignin (dry) 

% % 
Russian Siretz hemp 57-01 1-47 
Italian hemp 50-03 0-26 
Russian Rhine hemp 47-80 1-46 
Polish hemp 45-47 2-80 
Spanish hemp 63-52 0-36 
Siberian hemp 56-72 2-50 
Kentucky hemp 43-45 0-23 
Russian Petchure flax 42-47 0-62 
Dew-retted Belgian flax 53-33 0-95 
Irish flax 52-05 1-73 


Agricultural chemists have long been trying to find the factors which 
operate in the lodging of crops, and in this connection it was thought of interest 
to determine the cellulose and lignin content of straws of cereals grown under 
definite cultural conditions. The results are interesting and show that when- 
ever the true cellulose content of the tissue is low, there is a marked tendency 
to lodging. Straw from Plot 2, receiving farmyard manure only, is interesting 
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compared with straws from plots receiving artificial fertilisers in that, although 
it contains the highest percentage of lignin, it does not make up in stiffness 
for the lower content of cellulose. Barley straw No. 9 obtained from a water 
culture contains the lowest percentage of both cellulose and lignin. 

The results of these estimations together with the history of the straws 
are given below. The straws were obtained through the kindness of Sir John 
Russell from the Rothamsted Experimental Station. 


Estimations of Cellulose-a and Lignin in Straws grown under different 
cultural conditions. 


Cellulose-a (corrected) Lignin 

0 o/ 

/O o 
(1) Plot 28 24-66 12-40 
(2) 3 24-68 8-43 
(3) 6 32-24 7-98 
(4) Z 27-15 7-31 
3 28-04 8-67 
1) 5 =e 27-71 8-77 
fa. se ae 34-93 8-09 
(8) ,, 16 35-37 8°57 
@) -» ® 17-52 4-40 
(10) Indian maize 37-06 6°55 
(11) os rice 37-99 4-88 
(12) =, savannah grass 36-01 5:88 
(oie wheat 34-41 7-81 

History. 


(1) Broadbalk wheat, plot 2 8, farmyard manure; almost flat in places. 

(2) Broadbalk wheat, plot 3, no farmyard manure; individual stacks laid. 

(3) Broadbalk wheat, plot 6, minerals plus single S/A (Sulphate of Ammonia); not laid 

(4) Broadbalk wheat, plot 7, minerals plus double S/A; somewhat laid. 

(5) Broadbalk wheat, plot 8, minerals plus treble S/A; very badly laid. 

(6) Broadbalk wheat, plot 12, S/A, super phosphate plus Na,SO,; more prone to laying than 
plot 7; sometimes opposite holds. 

(7) Broadbalk wheat, plot 13, S/A, super phosphate plus K,SO,; less prone to laying than plot 6; 
sometimes opposite holds. 


(8) Broadbalk wheat, plot 16, minerals plus double N/S (Nitrate of Sodium); becoming laid. 
(9) Barley straw from water culture, Serial No. 43, grown with no added SiO,. 

(10) Indian maize. 

(11) Indian rice. 

(12) Indian savannah grass. 

(13) Indian wheat. 


SUMMARY. 


Lignocellulose is neither an ester-like nor an adsorption compound, as 
shown by the xanthate reaction. From the considerations of the reactive 
groupings of the constituents of lignocellulose, lignin seems to occur in chemical 
combination with cellulose and related polysaccharides as an aromatic gluco- 


side. 

The aromatic constituent just before lignification is not of the nature of 
hadromal, as shown by its negative reaction with phloroglucinol and its 
positive reaction with vanillin in concentrated sulphuric acid. Vanillin is the 
most sensitive reagent for localising the aromatic substances which are later 
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converted by oxidation into substances of the nature of hadromal, which 
combine directly with cellulose to give lignocellulose and give positive reactions 
with phloroglucinol and negative with vanillin. 

Lignocellulose is resolved completely into its constituents by heating with 
4°, sodium hydroxide at 10 atmospheres for 1 hour, without any radical 
decomposition of the lignin constituent, which can be precipitated by acidi- 
fying the alkaline liquid and isolated in the pure condition quantitatively by 
extraction with alcohol. 

Lignin occurs in wood in a condition partly extractable by alcohol, but 
the major part is in combination with polysaccharides which can be resolved 
by alkali. 

A reagent consisting of phosphotungstic and phosphomolybdic acids in 
phosphoric acid is a most sensitive reagent for estimating colorimetrically 
minute quantities of lignin, with which it gives a deep blue coloration in 
presence of sodium carbonate solution. A study of the distribution of lignin 
in different parts of Scotch fir by the colorimetric method shows the presence 
of lignin in young twigs, as well as in leaves and buds. 

Lignin as isolated from wood is a brown, amorphous, faintly acidic sub- 
stance with a pleasant aromatic odour, recalling vanillin in some cases, and 
melting at 170°. It is insoluble in water, soluble in dilute alkalis, and alcohol. 
Its iodine value is 139, and acid value 477. It gives insoluble salts with 
alkaline earth metals which do not possess a definite composition owing to the 
tendency to form basic salts. 

When lignocellulose is resolved by the sodium hydroxide method a residue 
of pure resistant cellulose-a is obtained which can be estimated accurately. 


The writer in conclusion feels it a great pleasure to express her sincere 
gratitude to Prof. A. R. Ling and Dr D. R. Nanji for their valuable criticism 
and for their continuous encouragement and interest in the course of these 
investigations. Fora supply of specimens of different timbers her thanks are 
also due to Mr J. Harris whose practical knowledge has been of great value. 
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INTRODUCTION. 


THE section of organic chemistry dealing with the carbohydrates is perhaps 
of more absorbing interest to the plant physiologist than any other, since it 
deals with the infinite variety of substances composing the tissues of plants. 
For a long time the botanist had regarded “cell wall” and cellulose as 
synonymous terms, but as our knowledge of these constituents developed, it 
became more and more apparent that the cell wall presented such a considerable 
differentiation of form and substance as to render the classification and 
relation of these constituents to one another extremely difficult. It is sur- 
prising to find that in spite of the enormous advances in our knowledge of 
the chemical constituents of the cell wall, plant histology has remained more 
or less empirical and it is not characterised by that degree of exactitude 
which should be attainable with the chemical knowledge now at our 
command. 

The writer has therefore undertaken these investigations primarily with 
the object of developing the necessary technique and of furnishing such data 
as would be helpful in studying the chemical differentiation of the substances 
comprising cell walls, so as to systematise plant histology on more rational 
lines. 

This has necessarily involved a considerable amount of fundamental work, 
which should prove of particular interest to those desiring to undertake 
critical histological work, since at present we do not know exactly the nature 
of a given constituent stained by a dye, or how the staining capacity of one 
constituent is affected by its association with another. 


1 Part of Thesis approved for the degree of D.Sc., University of London. 
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ISOLATION AND PROPERTIES OF THE PRINCIPAL CONSTITUENTS 
OF THE CELL WALL. 


It will be useful in following the subject under discussion to review briefly 
the methods adopted by the writer for the isolation and preparation of the 
principal constituents of the cell walls of plants and their essential charac- 
teristics as disclosed by our chemical knowledge. 


Celluloses. 


In the first group comprising typical cotton cellulose, which is a seed hair, 
we shall include all fibrous celluloses which constitute the bast of exogenous 
flowering annuals: e.g. the celluloses of flax (Linum usit.), hemp (Cannabis 
sativa), China grass (Rhea and Boehmeria species). Celluloses of this group, 
when freed from the other associated substances by suitable chemical pro- 
cesses known to be within the limits of resistance of the true cellulose, have 
not so far been differentiated. They are very resistant to hydrolysing and 
oxidising agents, and do not possess reactive carbonyl groups. 

Closely related to the above group, we have another class of celluloses 
which are much more widely distributed in the vegetable kingdom. These 
are differentiated from the first group by containing a slightly higher per- 
centage of oxygen, and by the presence in them of carbonyl and methoxy 
groups. They appear to be formed from the celluloses of the first group by 
partial depolymerisation and oxidation. 

Among the different types of cellular constituents we have to recognise 
three distinct types of celluloses, cellulose-a, -8 and -y, possessing different 
degrees of dispersion and dehydration, and corresponding polymerisation. 
The essential difference between them, as already mentioned in Part I of these 
researches, is that the less resistant celluloses, -8 and -y, are soluble in 17-5 % 
sodium hydroxide solution at the ordinary temperature, and from the alkaline 
solution cellulose-8 is precipitated on acidification with acetic acid, whilst 
the cellulose~y remains in solution. The writer has found that this method 
of separation is not quite sharp for isolating absolutely pure cellulose-a, and 
has therefore adopted another method for its preparation. 

Cellulose-a is prepared by treating cotton wool (5-0 g.) with 100 cc. of 

°%, sodium hydroxide at 10 atmospheres pressure for one hour. By this 
means it is completely freed from cellulose-8 and -y. It is then washed with 
water and dilute acetic acid, finally washed again thoroughly with distilled 
water and dried. 

Cellulose-6 and -y are prepared from cotton wool by the method of Cross 
and Bevan [1916]. 

Cellulose-y is isolated from the acid filtrate, obtained after filtering off 
cellulose-8, by submitting it to dialysis to remove mineral matter. It is then 
concentrated under reduced pressure to a suitable volume and cellulose-y 
precipitated by the addition of two volumes of 95 % alcohol. To study their 
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staining capacity they are best kept suspended in alcohol; a thin film is made 
by drying a drop of the suspension on a slide. 

These celluloses show considerable differences with different stains. (See 
Table I.) 

Hydrocellulose and Oxycellulose. Closely related to the above three cellular 
constituents we shall next consider their degradation products, which are 
frequently found in normal cell walls. These degradation products may be 
divided into two classes: (1) those produced by partial hydrolysis and (2) those 
produced by oxidation. The first group is typified by hydrocellulose which 
possesses active carbonyl groups, and shows a very strong adsorptive power 
for different organic dyes. The writer finds that there are two kinds of hydro- 
cellulose, which, although staining similarly with different dyes, can be 
differentiated with aqueous iodine in potassium iodide solution. One modifi- 
cation takes immediately a deep blue colour whilst the other is only stained 
a reddish brown. The latter can be prepared from cotton wool according to 
Girard’s method [1881]. 

The second modification is prepared by soaking cotton wool with as small 
a quantity as possible of cold 72 % (by vol.) sulphuric acid and treating 
almost immediately with 95 % alcohol. The hydrocellulose is then washed 
free from acid with distilled water and dried in the air. It stains a deep blue 
with aqueous iodine in potassium iodide solution. (See Table I for staining 
reactions.) 

Under the term “oxycelluloses” we find comprised in the literature a 
number of compounds of indefinite character which are produced by the 
action of different oxidising agents on cellulose. These should not be regarded 
as entities but merely as representing mixtures of oxidised cellulose, hydro- 
cellulose and unchanged cellulose, the difference being only due to the different 
degrees of surface oxidation of the fibres. 

Oxycelluloses possess acidic properties, and also contain active carbonyl 
groups. There are three types of oxycelluloses, known as a-, B- and y-oxy- 
cellulose, which are differentiated by their behaviour towards dilute sodium 
hydroxide solution, ammonia and water. a-Oxycellulose is difficultly soluble 
in alkali and insoluble in ammonia. f-Oxycellulose is soluble in dilute alkali 
and ammonia, whilst y-oxycellulose is soluble in hot water, alkali and am- 
monia solution. @-Oxycellulose was prepared according to the method of 
Murumow, Sack and Tollens [1901]; B- and y-oxycelluloses were prepared 
according to the method of Nastjukoff [1900]. (See Table I for staining reac- 
tions.) Oxycellulose may be detected in presence of hydrocellulose and celluloses 
according to the method of Schwalbe and Becker [1921] and Knagg [1908]. 


Among the non-fibrous polysaccharide constituents of the cell wall, we 
shall now consider in turn, mannan, galactan, pectin, amylohemicellulose, 
hemicelluloses, gums, starch, lichenin and chitin. This class is characterised 
by the low resistance of its members towards hydrolytic agents; they are 
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more or less soluble in dilute alkali. The members are also readily broken 
down in the plant under the action of its own enzymes, secreted under ab- 
normal conditions. The cell walls of amylaceous seeds especially are com- 
posed in part of polysaccharides of this class. 

Mannan. Mannans like celluloses also occur in nature in different degrees 
of polymerisation, but they give mannose instead of glucose on hydrolysis 
with mineral acids. A variety of mannan termed paramannan which corre- 
sponds in many respects with cellulose-a, in that it is very resistant to hydro- 
lytic reagents, is found in coffee beans and Phytelephas macrocarpa. It is not 
acted on appreciably by mineral acids, potassium chlorate and hydrochloric 
acid, but dissolves in a concentrated hydrochloric acid solution of zinc 
chloride. Hence it is frequently called mannocellulose. It can be readily 
separated from the less resistant mannan by boiling it with dilute alkali, 
in which the latter dissolves. Vegetable ivory, the endosperm of the palm 
(Phytelephas macrocarpa) was selected as the most suitable material for the 
isolation of mannan. It was boiled in the form of fine shavings with 1 % 
sodium hydroxide solution and the residue, consisting of mannocellulose, was 
washed with dilute acetic acid and distilled water, and dried. The less resistant 
mannans are found in leaves, roots, and stems of many plants, as well as in 
the cell walls of many fungi. 

Mannans form insoluble compounds with copper in alkaline solution and 
hence are not soluble in Schweitzer’s reagent. When they are in association 
with cellulose they also prevent it from dissolving. The less resistant mannan 
is isolated according to the method of Salkowski [1894]. With different stains 
it behaves mostly like gums. (See Table I.) 

Galactan. Galactans are strictly analogous to mannans, giving rise to 
galactose instead of mannose on hydrolysis. They also appear to exist in 
varying degrees of polymerisation as some of them are not dissolved by 
boiling with alkali. They also form insoluble copper compounds and behave 
in most of their properties like the mannans. Galactans are often found in 
combination with pentosans such as xylan or araban. Galacto-araban is 
widely disseminated in the cell walls of the cotyledons of many plants, e.g. 
Coffea arabica, Cocos nucifera and other palms. Agar-agar of commerce, 
which is the mucilage from certain genera of the red seaweeds (Rhodophyceae), 
is the most suitable material for the isolation of this constituent. (See Table I 
for staining reactions.) 

Pectins. Pectic substances are closely related to galactan, being derived 
from it by oxidation processes. In fact they constitute, in more or less inti- 
mate association with cellulose, the middle lamella of cell-walls in many 
tissues, in some only at a certain period of their life history. They occur 
abundantly in many succulent fruits, and also in fleshy roots and stems. 

The most recent investigations of Nanji, Paton and Ling [1925] have 
cleared up the uncertainty which hitherto existed as to the nature of these 
substances by devising methods whereby these compounds have been isolated 
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in pure state, and their nature and relationships to one another determined. 
(See Table I for staining reactions.) 

Amylohemicellulose. Amylohemicellulose is generally associated with starch 
in the starch-bearing seeds and roots. It gives a blue coloration with iodine 
in potassium iodide solution, is insoluble in water and is attacked by secretion, 
but not by translocation, diastase. It is isolated from cereal starches by a 
method based on this fact, as shown by Ling and Nanji [1925]. 

It is a white amorphous powder, swelling up in boiling water, and is readily 
soluble in dilute sodium hydroxide solution. (See Table I for staining reactions.) 

Hemicellulose. The hemicellulose constituents of woods sometimes give a 
dirty brownish blue coloration with iodine in potassium iodide solution. They 
are sparingly soluble in water, easily in dilute sodium hydroxide solution and 
are readily hydrolysed by boiling with dilute mineral acids. They are prepared 
from wood according to the method of O’Dwyer [1923]. (See Table I for 
staining reactions.) 

Gums. Gums are very varied in nature and occur widely distributed 
among plants, especially trees. They are to be regarded as being derived 
from the decomposition of pectic substances in the plant. They also consist 
of polysaccharide acids in combination with hexoses and pentoses, such as 
galactose, arabinose, and xylose. They are of an acidic character, and occur 
mostly in nature in the form of salts of potassium, calcium or magnesium. 
(See Table I for staining reactions.) 

Starch. Starch, although not forming a constituent of the cell wall by itself, 
may often be confused with amylohemicellulose and the hemicelluloses of 
woods already described, because of the coloration observed with iodine 
solution in the living cells of the pith, medullary rays and cortex of roots and 
stems. (See Table I for staining reactions.) * 

Lichenin. Lichenin, or moss starch, forms the principal constituent of 
Iceland moss (Cetraria Islandica) and Irish Moss (Chondrus crispus). It gives 
a dirty blue coloration with iodine and is insoluble in cold water. It can be 
best isolated by boiling the commercial dried moss with water, when it swells 
up, giving a viscous paste which sets to a jelly on cooling. (See Table I for 
staining reactions.) 

Chitin. Chitin has long been recognised as a constituent of the cell-wall 
of certain fungi, e.g. Boletus edulis, Agaricus campestris, etc. It is very re- 
sistant to alkali and this fact is made use of in isolating it from the other con- 
stituents. It is insoluble in Schweitzer’s reagent, gives a reddish brown stain 
with iodine in potassium iodide solution, and with a 50 % solution of zinc 
chloride-iodine it gives a bluish violet coloration. It is best isolated from 
the shells of the crustacea, lobster or crab, according to the methods of Gilson 
[1894] or Winterstein [1894, 1895]. When finely powdered and extracted 
successively with boiling’ alcohol and ether it is obtained as a white powder. 
(See Table I for staining reactions.) 

Lastly, we have to consider the aromatic constituents of the cell-wall. 











984 M. M. MEHTA 


The isolation and properties of lignin have already been dealt with in Part I 
of this work. It may now be mentioned that while the writer was in search 
of some specific microchemical tests for lignin, it was observed that there 
exists some close relationship between lignin and resin, as it gives all the 
reactions of the latter. When dissolved in a little acetic anhydride and mixed 
with sulphuric acid (sp. gr. 1-53), it gives a deep red colour, changing through 
green to brown like the resins [Morawski 1889]. When treated with a drop 
of 1 % solution of vanillin in concentrated sulphuric acid, it gives a deep 
orange-red colour—violet im some cases—changing after 2-4 hours to 
reddish brown or bluish violet, a behaviour similar to that of the resins. This 
view was further confirmed by the similarity in the behaviour of lignin and 
resin towards different stains. Chemically, resins are not well-defined sub- 
stances. They are for the most part solid or semi-solid substances of a gummy 
nature, originating in special cells in the plant. Resinous substances have 
solubilities and elementary composition similar to those of lignin. There are 
no good specific reactions for the microscopical detection of resins and essential 
oils. Resins can therefore only be identified by their physical properties, such 
as solubility, colour and other characteristics. In the plant resins appear in 
the liquid form as strongly refractile, homogeneous or vascular-foaming drops, 
or in solid yellowish brown amorphous masses. Alkannin from alkanna roots, 
first employed by Muller [1866], stains resins or free lignin and essential oils 
an intense red colour. Lignin and resins are also deeply stained by malachite 
green, borax carmin, safranine and ruthenium red. 


Procedure followed in the staining experiments. 

The period of staining was 2 hours, at the close of which period the excess 
of the stain was washed off thoroughly first with 90 % alcohol and finally 
with absolute alcohol and the preparation mounted in cedar wood oil, the 
cover-glass being ringed round with Canada-balsam. Cedar wood oil was found 
to be the most suitable general mounting medium as the depth of the stain was 
not affected. A list of the stains used and their compositions are given below. 

(1) Phloroglucinol—1-0 g. phloroglucinol dissolved in 100 cc. of 12 % 
hydrochloric acid (1-060). 

(2) Malachite green (alcoholic)—1 g. in 300 cc. of 92 % alcohol. 

(3) Cobalt thiocyanate—One volume of saturated cobalt nitrate solution 
added to two volumes of saturated ammonium thiocyanate solution. 

(4) Congo red (aqueous)—1 g. in 200 cc. 

(5) Borax carmin (alcoholic)—3-0 g. carmin, 12 g. borax, 480 cc. water 
and 480 ce. 90 % alcohol. 

(6) Eosin (alcoholic)—1 g. in 300 ce. 

(7) Safranine (alcoholic)—3 g. safranine 500 cc. water and 500 cc. 90 % 
alcohol. 

(8) Haematoxylin (Delafield)—200 cc. of a saturated solution of ammonium 
alum, mixed with a solution of 2 g. haematoxylin in 12 cc. absolute alcohol. 
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The mixture is exposed to light and air for a week. It is filtered and to the 
filtrate are added 50 cc. of glycerol and 50 cc. of methyl alcohol. It is allowed 
to stand in sunlight until the full colour develops and is refiltered for use. 

(9) Gossypimin (aqueous)—2 g. gossypimin, 900 cc. water and 60 cc. 90 % 
alcohol. 

(10) Aniline blue picrate—3 g. aniline blue, 2 g. picric acid dissolved in a 
litre of water. 

(11) Iodine green (aqueous)—1 °% solution. 

(12) Ferric thiocyanate (aqueous)—1-0 cc. of saturated ferric chloride to 
10 ec. of 10 % ammonium thiocyanate solution. 

(13) Ruthenium red (aqueous) | in 10,000. 

(14) Alkannin (alcoholic)—alkanna roots are extracted with just suffi- 
cient amount of 90 % alcohol to cover the roots. The alcohol solution is 
decanted and filtered for use. 

(15) Picro-ponceau (aqueous)—0-1 g. ponceau in 100cc. of saturated 
aqueous picric acid. 

(16) Oreein (alcoholic)—0-5 °% solution in alcohol containing 0-01 % 
hydrochloric acid. 

(17) Vanillm—1-0 g. in 100 cc. of concentrated sulphuric acid. 

In the following table the intensity of a stain taken up by a particular 
constituent is invariably based on the deepest stain obtained with that dye 
as the standard. It is of course evident that the intensity of the stain would 
vary according to the density of the material, but so long as due allowance 
is made for this and the conditions kept as nearly constant as possible, fairly 
reliable judgment can be given after a little practice as to the intensity of 
the stain. (See Table I.) 

All the results of staining given in Table I hold good for direct staining 
only. Many of the stains taken up by a constituent can be displaced by 
another stain having a stronger affinity for the particular constituent. The 
writer in the course of her work, while trying to differentiate the various con- 
stituents of plant tissues by counterstaining has accumulated some useful 
data, which are epitomised in Table II. Generally the section is first stained 
with the most permanent primary colour and secondly with the counterstain 
for a suitable period. Borax carmin and malachite green, aniline blue picrate 
and gossypimin, haematoxylin and safranine or gossypimin are usually 
employed. 

In addition to these the writer has used a number of pairs of counterstains 
with sections of timbers with good results for critical differentiation. (See 
Table III.) Many of these counterstains are especially good for differentiating 
the middle lamella. 

It will be evident from a superficial examination of Table I that most 
of the stains are not dt all specific as they stain a number of different 
constituents, and this fact has led to many misconceptions. For example, 
ruthenium red which is generally regarded as a specific stain for pectic sub- 
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Table II. Showing the parts stained by different counterstains. 


Root. Malachite green stains: xylem and developing lateral rootlets. 
Borax carmin stains: cortical tissue, endodermis and pith. 
Haematoxylin stains: ground tissue, phloem, cortical tissue, cambium, resin duct and 
lactiferous vessels. 
Gossypimin stains: xylem, endodermis and starch granules. 
Safranine stains: secondary and primary wood, endodermis, central axis of root and lateral 
developing rootlets. 

Stem. Malachite green stains: phloem, xylem elements, traces to first leaf, sclerenchymatous 
ring, cambiform tissue, spiral vessels, primary vascular bundles, bundle sheath, annular 
vessels, scalariform vessels, sclerenchyma sheath, nodal diaphragm and secretion cells. 

Borax carmin stains: Primary ground tissue, cambiform tissue, pith, cortical tissue, 
phloem, primary medullaryray, epidermal tissue, endodermis and nucleated cortical tissue. 

Haematoxylin stains: cortical tissue, primary ground tissue, central axis and medullary ray. 

Gossypimin stains: phloem, xylem, primary medullary ray, cambiform tissue, resin canal, 
developing branch, thickening band of prosenchyma, starch granules and v ascular bundles. 

Safranine stains: xylem elements, phloem, connective tissue and pitted vessels. 

Aniline blue picrate stains: cortical tissue, cambiform tissue, primary ground tissue, 
central ground tissue and secreting cells of canal. 

Leaf. Malachite green stains: epidermis, hypodermis, resin duct, xylem, leaf hair and vascular 


Phlo: 


bundle. 

Borax carmin stains: parenchyma, endodermis, pericycle (transfusion tissue), phloem, 
epidermis, phloem of bundle and primary ground tissue. 

Gossypimin stains: epidermis, sclerenchymatous fibres, xylem elements, stomata, small 
vascular bundles, cambium, phloem elements and cuticle. 

Aniline blue picrate stains: ground tissue, phloem elements of bundle, palisade layer con- 
taining chloroplasts, guard cells of stomata, primary ground tissue, oil gland, epidermis, 
assimilating tissue, mucilaginous lining of the cell, nucleus and cuticle. 


Table III. Results of different counterstains with sections of Pitch Pine 
(timber). 


roglucinol counterstained by malachite green: 


Parts stained by phloroglucinol: autumn wood. 


malachite green: spring and summer wood, cell remains, resin canal, med- 
ullary ray. 


” 


Congo red counterstained by malachite green: 
Parts stained by Congo red: resin canal. 


malachite green: cell wall, cell remains, medullary ray. 


” 


Congo red counterstained by cobalt thiocyanate: 
Parts stained by Congo red: cell remains, medullary ray, resin canal. 


cobalt thiocyanate: cell wall. 


” 


Ferric thiocyanate counterstained by malachite green: 
Parts stained by ferric thiocyanate: autumn wood, tracheidal medullary ray. 


malachite green: spring and summer wood, cell remains, medullary ray, 


2” 
resin canal. 


Ferric thiocyanate counterstained by aniline blue picrate: 
Parts stained by ferric thiocyanate: tracheidal medullary ray, cell wall, middle lamella. 


aniline blue picrate: cell remains, medullary ray and resin canal. 


Phloroglucinol counterstained by aniline blue picrate: 
Parts stained by phloroglucinol: cell wall. 


aniline blue picrate: cell remains, medullary ray and resin canal, 


2? 


Gossypimin counterstained by malachite green: 
Parts stained by gossypimin: middle lamella. 


malachite green: cell wall, cell remains, medullary ray, and resin canal. 


Malachite | green counterstained by ponceau: 
Parts stained by malachite green: cell wall, resin ducts, medullary ray. 


ponceau: middle lamella. 


Ponceau counterstained by aniline blue picrate: 
Parts stained by ponceau: cell wall, middle lamella. 


Alka: 


aniline blue picrate: cell remains, medullary ray, resin canal. 
nnin counterstained by aniline blue picrate: 


Parts stained by alkannin: tracheidal medullary ray. 


Alka 


aniline blue picrate: cell remains, primary medullary ray, resin canal. 
nnin counterstained by malachite green 


Parts stained by alkannin: tracheidal seotellacy ray. 





malachite green: cell wall, cell remains, medullary ray, resin canal. 


”? 
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stances and their derivatives is found to stain in addition a-, B- and y-oxy- 
celluloses, hemicelluloses, gums, galactans, free lignin, mannan and amylo- 
hemicellulose. Moreover, there are no specific microchemical colour reactions 
for these constituents so that there is no direct means of differentiating be- 
tween them even in this manner. On the other hand, many of the constituents 
can be removed from tissues by specific solvents or suitable chemical treat- 
ment and this principle has been employed by the writer in the work now to 
be described on the microchemical structure of the leaf and stem of Pinus 
sylvestris. Supposing it is desired to localise the pectic substances in different 
parts of a tissue, and sections of it be treated with specific solvents such as 
0-5 % oxalic acid or 0-5 % ammonium oxalate respectively, both the treated 
and untreated sections being stained with different stains, a negative result 
will be obtained with some stains in certain parts of the treated sections com- 
pared with the untreated ones. Wherever a certain part is not stained after 
a specific treatment to remove a constituent, whereas the same part is stained 
in the untreated section, it is possible to say with certainty that those parts 
which do not stain after treatment must have contained the constituent in 
question. On the other hand, caution has to be exercised in such observations, 
for if other parts show no change in their staining capacity after treatment 
to remove a particular constituent, it need not be concluded that these parts 
do not contain that constituent. This is because many stains are taken up 
by constituents other than the one that is removed. These parts are not 
missed because there are other stains which do not stain the residual cell wall 
constituents, and by combining the observations of the results of staining of 
the treated and untreated sections with different stains it is possible to 
localise different constituents with accuracy. Oxalic acid and ammonium 
oxalate are only given above as examples, but sections may be submitted to 
various treatments (e.g. enzymes) according to the nature of the constituent 
under investigation. The value of the results obtained by differential staining 
will depend largely on the thoroughness with which a constituent is removed 
by a particular reagent and by the extent to which that reagent is specific 
in its action. The writer has mainly concentrated on the following treatments, 
with a view to locate the principal constituents which take part in metabolism. 
Even if the sections be treated with a reagent which is not specific it is possible 
to make good deductions by combining the results of staining with those of 
another treatment. Sections were treated by boiling with 0-5 % ammonium 
oxalate, 0-5 °% ammonium oxalate in 3% ammonia solution, 4 % sodium 
hydroxide solution, 3 % hydrochloric acid, or 95 % alcohol. This was usually 
carried out by heating the sections with the respective reagents in test tubes 
immersed in a boiling water-bath for 6-8 hours. To ensure complete extrac- 
tion the supernatant liquid was decanted off every hour and the extraction 
continued with the fresh reagent. After the extraction was thus completed 
the sections were washed with hot distilled water and stained as already 
described. 
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Throughout the work the sections of the unfixed material were cut with a 
Leitz hand microtome or by free hand, and in the case of timber with an 
ordinary carpenter’s plane, which gave quite good sections. 

The results of observations by the above method of differential staining 
with sections of the leaf and stem of Pinus sylvestris are given in Tables IV 
and V. 


PROBABLE CONSTITUENTS OF DIFFERENT PARTS OF THE LEAF 
or Pinus syivesteris (Table IV). 

The epidermis in the leaf of Pinus sylvestris, after treatment with ammonia 
and ammonium oxalate, shows a slight decrease in the intensity on staining 
with ruthenium red and haematoxylin, indicating that only traces of pectic 
substances are present. With eosin and haematoxylin, after treatment with 
sodium hydroxide, a marked change is observed indicating the presence of 
hemicelluloses. The negative zinc chloride-iodine reaction indicates the ab- 
sence of true celluloses. 

The cell wall of the hypodermal cells gives the cellulose reaction with zinc 
chloride-iodine, as well as the phloroglucinol reaction, and in this respect it is 
differentiated from lignocellulose. The cell contents of some of them are 
stained by alkannin showing the presence of resinous substances. The be- 
haviour with gossypimin and haematoxylin indicates the presence of galactan, 
but hemicellulose and pectin are absent. The persistence of the staining with 
ruthenium red after various treatments suggests that the cell wall of these 
hypodermal cells is composed mainly of an oxidised form of cellulose, such 
as a-oxycellulose, which is not dissolved by dilute alkali. The contents of 
these cells also give a strong reaction with benzidine and hydrogen peroxide 
for oxidases. 

Endodermal cells also give the cellulose reaction, contain oxidases, stain 
persistently like the hypodermal cells with ruthenium red and contain traces 
of aromatic substances (probably phenolic glucosides) which stain with the 
vanillin reagent. They are stained by phloroglucinol, especially at the junc- 
tion of two cells. On treatment with concentrated sulphuric acid the endo- 
dermal ring remains intact. Parenchyma cells stain a bluish-green colour with 
Congo red indicating the presence of carbohydrates of acidic nature such as 
pectic acid; they also contain oxidases. They do not give the cellulose reaction 
until these are removed. Vanillin reagent gives a strong coloration in these 
cells. Their behaviour with eosin, ponceau, iodine green, and gossypimin after 
different treatments shows that they are principally composed of unoxidised 
celluloses, cellulose-a and -f, together with pectic substances. 

Transfusion tissue like the hypodermal cells stains with phloroglucinol and 
zine chloride-iodine. The contents of some celis stain with alkannin and give 
a strong coloration with Vanillin reagent. Results of staining with ruthenium 
red, iodine green, borax carmin and ponceau show these cells to be composed 
of a-oxycellulose and neutral pectic substances. 
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Table IV. Transverse sections of leaf of Pinus sylvestris. 





Trans- Secre- 
Epi- Hypo- Endo- Paren- fusion Resin tory 
dermis dermis dermis chyma_ tissue Xylem Phloem duct cells 
Malachite green: 
Untreated +4 +2 +2 — +2 +3 — — +3 
Ammonium oxalate and +4 +2 +2 — +2 +3 _ _ +3 
ammonium hydroxide 
Sodium hydroxide +4 +3 +3 +2 +4 ~ _— _ 
Ammonium oxalate +4 +3 +3 — +2 +4 — — +3 
Alcohol +4 +2 _ _ — +4 — ~~ -- 
Hydrochloric acid +3 +3 +2 _ +2 +3 _ _ - 
Boraz carmin: 
Untreated _ +2 _ _ +2 _ +4 +4 +4 
Ammonium oxalate and — -+-4 = 2 — — +3 +2 4-4 
ammonium hydroxide 
Sodium hydroxide +2 +3 — +1 — +4 _ _ 
Ammonium oxalate — +4 - +2 — _ +4 +3 +4 
Alcohol — +3 - +3 jes = +4 = +4 
Hydrochloric acid _ +3 — 2 _ _ +4 +2 +4 
Aniline blue picrate:; 
Untreated _ — (+4)* —(+4)* +42 iid en +4 +2 — (+4)* 
Ammonium oxalate and +1 +1(+4)* — +4 -- +4 - _ - 
ammonium hydroxide 
Sodium hydroxide — +1 _ — — = _ - _ 
Ammonium oxalate -- — (+4)* -_ +4 +2 aie +4 +3 — (+3)* 
Alcohol _ — _ +4 +1 oe +1 _ _ 
Hydrochloric acid = — (+4)* _ +4 bes a +3 +4 — (+3)* 
Iodine green: 
Untreated +3 +2 (+4)* +3 +-2 +3 +4 +4 +4 +2 
Ammonium oxalate and +2 +2 +3 —_ +3 +4 _— — — 
ammonium hydroxide 
Sodium hydroxide +3 +3 +3 = +3 +3 a —_ em 
Ammonium oxalate +2 —(+4)* +3 +1 +1 +2 +1 +1 —(+1)* 
Alcohol +3 +2 +2 +1 1-2 +3 +3 fi — (+2)* 
Hydrochloric acid +2 +2 +1 ~ +1 +2 _ — (+2)* 
Ponceau: 
Untreated +2 +2 +4 +4 +3 +2 +3 +3 -2 
Ammonium oxalate and +2 -2 +3 +4 +3 1-2 +3 +4 +1(+4)* 
ammonium hydroxide 
Sodium hydroxide +1 +3 2 +] +3 +3 ns oe 
Ammonium oxalate +2 +2 +3 +4 43 43 +3 +4 +2 
Alcohol +2 +2 +3 +4 +3 +3 +2 +2 +1 
Hydrochloric acid 42 2 +3 +4 +3 3 +2 +3 +2 
Ruthenium red: 
Untreated +1 +3 +3 +3 +3 +3 +4 +3 +4 
Ammonium oxalate and +1 +3 +3 +1 +3 +3 +4 +1 +43(+4)* 
ammonium hydroxide 
Sodium hydroxide +1 +3 3 +3 +3 ~ - — 
Ammonium oxalate — +3 +3 +1 +3 2 +4 — 3 
Alcohol +1 +2 +3 +3 +3 +3 +4 +3 +3 
Hydrochloric acid — +3 +3 +3 43 +3 13 +4 
Alkannin: 
Untreated _ - _ =e —(+3)* — = +3 —(+2)* 
Ammonium oxalate and — — _ ales on im ie Se et 
ammonium hydroxide 
Sodium hydroxide _ — — _ ae oe ie 7: — 
Ammonium oxalate — — ie ms lace a = +2 —(+1)* 
Hydrochloric acid _ (+3)* _ = — (+3)* Ls. = 
Gossypimin . 
Untreated +4 +3 +3 +3 +3 +3 +3 +3 +3 
Ammonium oxalate and +4 +2 +3 — +3 +3 +3 _ _ 
ammonium hydroxide 
Sodium hydroxide +4 - +3 abe +2 +4 +2 ae = 
Ammonium oxalate +4 +2 +2 —_ + +4 +2 —_ - 
Alcohol t +2 +1 +1 +1 +2 +4 _ — 
Hydrochloric acid 4 +2 +2 “ +9 43 +2 pm aia 
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Table IV (continued). 


Te- Trans- ; Secre- 
Epi- Hypo- Endo-  Paren- fusion Resin tory 
i, dermis dermis dermis chyma tissue Xylem Phloem duct cells 
a Zine chloride-iodine: 
3 Untreated - +4 +4 +4 _ +4 Yellow +4 
3 Ammonium oxalate and _ +4 _ +4 +4 _ +4 +3 3 
ammonium hydroxide 
Sodium hydroxide - +3 _ ---4 +4 _ +4 _ +4 
3 Ammonium oxalate _ +3 — +4 +4 _ +4 +3 } 
Alcohol — +3 +4 = +4 é +4 +4 { 
Hydrochloric acid _ +3 —t +4t +4 _ +4 4 1-4 
Vanillin: 
4 Untreated = = +3 +4 44 = +4 14 4 
‘4 Ammonium oxalate and _ ~ _ _ - _ _ — _ 
ammonium hydroxide 
; Sodium hydroxide _ _ _ as oes = a — 
4 Ammonium oxalate _ _ — +3 +1 _ +4 +3 +1 
4 Alcohol = Ge +3 +4 43 — 43 +4 3 
4 Hydrochloric acid — — = +2 - +3 +4 +2 
1-4)* Haematozylin: 
Untreated +2 +1 +3 +1 — —_ +3 1 — (+3)* 
Ammonium oxalate and +1 +2 +1 _ _ — +2 _ - 
; ammonium hydroxide 
+3)* Sodium hydroxide ~ +3 2 = ie a2 od = — 
Ammonium oxalate — +1 +3 +2 +1 +1 2 _ a 
+3)* Alcohol +2 +2 +3 4-2 +3 _ +3 _ 2 (+3) 
Hydrochloric acid _ +2 +3 -- +2 +1 +3 +1 +2 
: Ferric thiocyanate: 
Untreated _ _ — - - - 
Ammonium oxalate and - = -- _ = _ ~_ _ _— 
-1)* ammonium hydroxide 
2) Sodium hydroxide - - _ - _ _ _ _ = 
: 2)* Ammonium oxalate _ _- _- _ _ _ - _ —_ 
re Alcohol = — — _ a = - — — 
Hydrochloric acid _ — _ = — _ _ — 
9° 
-4)* Congo red: 
Untreated _ +1 +2 +1§ +4 +2 +4 +2 - 4§ 
Ammonium oxalate and +1 +1(+3)* +2 +1§ +3 +2 +4 +2 +34 
2 ammonium hydroxide ei 
1 Sodium hydroxide +2 +2 +3 — +3 +3 +4 = 24 
2 Ammonium oxalate _ +2 (blue) +3 +1 _ 2 seh +2 + 7 
Alcohol +1 23 +1 FB +1 44 +2 + 7 
Hydrochloric acid —_ +1 +2 +2 +1 +1 +4 +3 +44 
4 
~4)* Eosin: 
Untreated +3 _ - +3 - = = +4 = 
3 Ammonium oxalate and +3 - - - +2 = s 
3 ammonium hydroxide 
f Sodium hydroxide _ e = = = ae = ae 
Ammonium oxalate +3 = — = ae +3 = 
Alcohol +3 +1 +3 +4 +3 +4 +4 
oye Hydrochloric acid - a +3 +4 = a +3 3 
Phloroglucinol: 
Untreated - +4 +4 = +3 +4 = = 
1)* Ammonium oxalate and - +2 (m.l.) +1 - — +3 = 
2)* ammonium hydroxide : 
Sodium hydroxide — = = = aa T3 = 
Ammonium oxalate — +3 (m.l.) ah _ +3 +3 — = 
} Alcohol = +4 +4 _ +3 +4 _ - 
Hydrochloric acid _ +4 +4 _ +3 +4 = = = 
* Cell content. + Yellow. t Very dark. § Bluish green. { Bluish black. 


+1, +2, +3, +4 show increasing intensity of colour, +4 being the strongest. 


— Negative. 
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Xylem cells give a strong phloroglucinol reaction like the true ligno- 
celluloses and do not give the colour for cellulose with zinc chloride-iodine. 
They do not contain oxidases, and their general behaviour with different 
stains suggests the presence of hemicelluloses, pectic substances and a-oxy- 
cellulose. 

Phloem does not give a coloration with phloroglucinol but gives a strong 
coloration with the vanillin reagent for aromatic substances and with zinc 
chloride-iodine for cellulose. It is also very active in oxidases. Its staining 
reactions after treatment with sodium hydroxide indicate the presence of 
hemicellulose but not of pectic substances. 

The resin canal does not give directly the iodine reaction for cellulose 
until the pectic substances of which it is principally composed are previously 
removed. The presence of pectic substances is confirmed by its behaviour 
with eosin, ruthenium red, gossypimin, etc. It is not stained by phloroglu- 
cinol, but it gives a deep coloration with the vanillin reagent for aromatic 
substances. It is also stained by alkannin and gives a strong reaction for 
oxidases. Its behaviour with borax carmin and Congo red also indicates the 
presence in small amounts of hemicellulose. 

Secretory cells do not stain with phloroglucinol; they give a reaction for cel- 
lulose direct, and their contents are stained with alkannin and vanillin reagents. 
They also give a reaction for oxidases. Their behaviour with ruthenium red, 
ponceau and borax carmin, shows that these cells are composed principally of 
cellulose together with hemicelluloses but they do not contain pectic sub- 
stances. Congo red stains these cells bluish red, indicating that the secretion 
of these cells is of an acidic character. 


PROBABLE CONSTITUENTS OF DIFFERENT PARTS OF THE STEM 
oF Pinus sytvesrris (Table V) 


The middle lamella of many plant tissues can be differentiated with certain 
stains into three layers, a thin central layer which is bounded on either side 
with another layer which sometimes stains differently from the central one. 
Hence the results of staining the middle lamella are given separately in two 
columns. In the first column are given the results of staining of the central 
layer (contents). This layer is stained by alkannin and also by the vanillin 
reagent, thus indicating the presence of resinous substances. It is deeply 
stained in young stems by ruthenium red but not after treatment with 
ammonium oxalate, which shows that it is composed of neutral pectic sub- 
stances. It is not stained by phloroglucinol. The binding layers are not well 
developed in stems 10-12 years old. Generally, the thin central layer is 
well marked in the xylem cells close to the cambium layer. Proceeding to- 
wards the centre of the stem the central layer almost disappears and is not 
stained by the majority of colours. In older stems the middle lamella is more 
strongly differentiated. 
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The cell wall of the secondary xylem stains deeply with phloroglucinol but 
curiously it is not stained after the sections are extracted with alcohol. The 
staining reactions with eosin, iodine green, and ponceau suggest the presence 
of hemicellulose and of traces of pectin. It is not stained by Congo red and 
zine chloride-iodine, but in transverse section a faint blue colour is observed 
in the layer binding the cell cavity. This suggests that these cell walls are 
composed of lignocellulose, together with some hemicellulose and a thin 
coating towards the centre of the cell cavity of free cellulose. Some differences 
are observed between the autumn and the spring wood. The autumn wood 
always seems to stain more deeply than the spring wood. Its behaviour with 
ruthenium red suggests the presence of a-oxycellulose which seems to be absent 
from the spring wood. 

A number of theories have been advanced to explain the difference between 
the spring and the autumn wood, which lies in the decrease in the diameter 
of the tracheides and the increase in the thickness of their walls. The writer 
is of the opinion that the relatively greater thickness of the cell wall in 
autumn wood may be the result of an increase in the concentration of the 
nutritive material. On determining the influence of concentration of the 
nutritive substances on the thickness of the cell wall of yeast it is found that 
the thickness of the cell wall increases with the concentration of the medium. 

Cell remains are stained by zinc chloride-iodine, but not with phloro- 
glucinol. Their staming reactions with ruthenium red, aniline blue picrate, 
iodine green and Congo red, indicate the absence of pectin and hemicellulose 
and they are probably composed exclusively of hydrocellulose. 

The bordered pit is stamed in some respects like the middle lamella by 
ruthenium red and alkannin. 

The medullary ray is stained by alkannin and zinc chloride-iodine, and its 
staining reactions with ruthenium red, eosin, borax carmin, ferric thiocyanate 
and Congo red indicate the presence of hemiceilulose, pectins and gums. 
A strong coloration is observed in these cells with the vanillin reagent. 

Reactions of the resin canal after different treatments with stains such as 
alkannin, ponceau and ferric thiocyanate, strongly indicate the presence of hemi- 
cellulose, gums and lignin or resin. The presence of lignin or resin is further 
confirmed with the vanillin reagent. 

Primary xylem remains stain deeply with ruthenium red and appear to 
contain oxycellulose. They are also stained by zinc chloride-iodine but feebly 
by phloroglucinol. 

Oxidases are distributed in all those parts through which migration of 
food materials is taking place. They differ from the oxidases of the leaf in 
that they give the blue coloration with guaiacum. 

The middle lamella in timber appears to be of different composition from 
that of the young wood. Pectin substances are absent from the central layer 
and they are replaced at a later stage by lignin, gums and hemicellulose as 
may be judged from its reactions with borax carmin, malachite green and 
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ferric thiocyanate. It is also stained by phloroglucinol and vanillin reagent. 
Pectin is similarly absent from the binding layers of the middle lamella in timber, 
and their reactions with stains such as haematoxylin, ferric thiocyanate, 
Congo red and eosin, show them to be composed of hemicellulose and gums. 

Attention may be drawn to the results of staining with some dyes after 
extraction with alcohol. In some parts after extraction the results are alto- 
gether negative. It is probable that traces of resinous or aromatic substances 
are dispersed over certain plant cells, which are removed by alcohol. This is 
a matter of importance since alcohol is often used as a fixative and as a 
preserving medium. 

These attempts at differentiating the various constituents of plant tissues 
by differential staining and microscopical examination are sufficient to show 
the limitations and the difficulties which are to be confronted in histological 
work. 


SUMMARY. 


An attempt has been made to unravel the microchemical structure of 
plant tissues, and to interpret in chemical terminology the distribution of the 
different units comprising the cell. 

Cellulose-a, -8 and -y, oxycelluloses-a, -8 and -y, hydrocellulose, mannan, 
galactan, pectin, amylohemicellulose, hemicellulose, gums, starch, lichenin and 
chitin have been isolated in the purest possible condition and their staining 
capacities determined. 

The relative amounts of the different cellulosic constituents vary widely 
according to the cultural conditions, general environment and the nature of 
the plant. Cellulose-8 and -y show a greater affinity for stains than cellulose-a. 
Oxycelluloses, unlike cellulose-a, -8 and -y and hydrocellulose, are stained by 
ruthenium red. 

Two kinds of hydrocellulose are found which can be differentiated by the 
coloration given by one of them with iodine in potassium iodide solution. 

The microchemical structure of the leaf and stem of pine is investigated 
by the removal of specific constituents by suitable chemical treatment with 
solvents such as ammonia, ammonium oxalate, sodium hydroxide, hydro- 
chloric acid and alcohol, followed by differential stainings. 

Treatment with ammonium oxalate shows that the middle lamella in 
young stems of pine is composed of neutral pectic substance whilst in old 
wood (timber) it is composed of lignin, gums and hemicellulose, pectin being 
absent. 

Extraction of the tissues with alcohol gives inconsistent results. 

Resins react in some respects like lignin and are associated with gums in 
different parts of the same plant. 

Lignification sets in very early in the life history of the plant and occurs 
in ground tissue, fibro-vascular bundles, medulla and cuticularised cells. 
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The writer in conclusion feels it a great pleasure to express her sincere 
gratitude to Prof. Arthur R. Ling and Dr Dinshaw R. Nanji for their valuable 
criticism and for their continuous encouragement and interest in the course 
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her with specimens of different timbers. 
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TuIs work was started at the request of Dr F. E. Wynne, Medical Officer of 
Health for Sheffield, who wished to construct a cold room for storage of 
carcases in connection with proposed new public abattoirs. 

It was stated by local butchers that meat is “spoilt” by being placed in 
a cold room for any period of time, however short, and that it was necessary 
to take carcases straight from slaughter to the butchers’ shops. No experi- 
ments appear to have been made in this field of research except some on the 
autolysis of beef and mutton by Fearon and Foster [1922] and by Callow 
[1925] on the freezing of cod and its effect on autolytic change. These workers 
used antiseptics in their experiments, and therefore statements with regard 
to preserving meat for food cannot be based on their results. Work on the 
carnosine content of beef kept at 25° F. by Clifford [1922] showed a fall in 
this extractive, which, however, did not take place for several weeks, and 
would not affect the question in point. 

The experiments to be described in this paper were carried out to show 
the effect, if any, on beef and mutton kept in cold storage for periods up to 
13 days, and duplicate estimations of the total nitrogen, soluble nitrogen, 
amino nitrogen, carnosine and creatine were made at approximately 3 day 
intervals. 

EXPERIMENTAL METHODS. 


The meat was obtained on the day of slaughter and sent straight to the 
National Institute for Medical Research at Hampstead, where, by the kind 
permission of Dr Dale, it was placed in the cold rooms. For the experiments 
on mutton, a leg was taken and cut in half across the muscles. Half was then 
put into the inner room at a temperature of 25° F., and the other half in the 
outer room at a temperature of 35° F. Evaporation was avoided by suspending 
the joints in large glass filtrate jars, covered with clock glasses. At intervals, 
samples of muscle weighing 200-300 g. were cut off the joints and put into 
separate thermos flasks, previously left unstoppered in the chambers for 
5 to 6 minutes to attain the same temperature as the room where the meat 
was kept. These flasks were then corked, brought to the laboratory, and 
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samples weighed as rapidly as possible for the various estimations which were 
always duplicated, Whenever possible the same muscle was used from both 
halves of the leg, so that the results from meat kept at 35° F. and at 25° F. 
are strictly comparable. 

With beef exactly the same method was adopted, but in Exp. 1 meat from 
the shin was used, and in Exp. 2 a thick joint of fillet steak. 

Total nitrogen. This was estimated by Kjeldahl’s method as described by 
Cole [1920], about 1-2 g. meat being taken. Care was exercised to see that 
pieces from the same muscle were used for this and all other estimations on 
the same day, and when possible throughout the whole experiment. How- 
ever, on one or two occasions it was difficult to identify the special muscles 
in a piece of frozen meat cut to a suitable size to go into the neck of a 
thermos flask. 

From the tables of Exps. 1 and 2 it will be seen that there is a slight rise 
- in total nitrogen suggesting that some water is lost by evaporation when 
beef is kept under the experimental conditions described; this loss, however, 
is slight. With Exps. 3 and 4 on mutton no such rise was seen and evapora- 
tion must have been negligible. 

Soluble nitrogen. For estimations of non-protein soluble nitrogen the 
following method was used. 5-10 g. muscle were weighed and cut up very 
finely with scissors on a watch glass. This mince was washed into a beaker 
with about 100 cc. distilled water and covered with a watch glass. The beaker 
was then heated slowly till the water just came to the boil. The liquid was 
then poured off the meat, and a second boiling with 50 cc. distilled water 
carried out in a similar way. The first extract was then added to the meat 
and second extract, and 5 cc. of 20 % metaphosphoric acid added to precipi- 
tate the protein. The mixture was allowed to stand overnight and was then 
filtered into a 250 cc. measuring flask, the residue was well washed with 
distilled water, the washings being allowed to run into the flask, and finally, 
the liquid was made up to the mark with distilled water. Kjeldahl estimations 
were then carried out on 50 cc. portions of this filtrate to give the amount of 
soluble nitrogen present. 

In the results shown in the tables, besides the actual experimental figures 
obtained, the ratio of soluble nitrogen to total nitrogen is given, since this is 
the means by which Fearon and Foster [1922] and Callow [1925] measure the 
rate of autolytic change. It will be seen that no change takes place in the 
ratio in short periods of time with beef at 35° F. or 25°F. In Exp. 3 on 
mutton the same is true, but in Exp. 4 there is a slight rise throughout the 
experiment showing a very small amount of autolysis at 25° F. in 10 days. 

Amino nitrogen. The amino nitrogen content of the meat was determined 
on portions of the same filtrate employed for the estimation of soluble nitrogen. 
Van Slyke’s apparatus «was used. 

It can be seen from the tables that there was no rise or fall in the amino 
nitrogen content of beef or mutton during the experimental period. 
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Carnosine. Estimations of this extractive were made according to a method 
described by Clifford [1921]. Again the estimations were carried out on por 
tions of the filtrate prepared as stated for soluble nitrogen. Carnosine remained 
constant except in one case, that of Exp. 2 on beef, kept at 35° F., when on 
the sixth day there was a marked fall. This was probably due to an incipient 
putrefaction, as on the eighth day the meat was definitely decomposed. 

Creatine and Creatinine. For the estimation of creatine 1-1-5 g. muscle 
was weighed into a flask, 20 cc. of 3% hydrochloric acid were added, the 
flask plugged with cotton wool, and the whole autoclaved at 130—140° for 
30 minutes. The creatinine thus formed from the muscle creatine together 
with any preformed creatinine present was estimated by Folin’s method as 
described by Plimmer [1920]. 

There was no change in this extractive during the experimental periods 


ec 


either at 35° F. or at 25° F. 
EXPERIMENTAL RESULTS. 
The results of the experiments are given in the following tables: 


Exp. 1. Shin of beef. 


G. per 100 g. meat 


co~ _ = 
f Creatine 
G. per 100 g. meat Sol. N expressed 
- SA —. Total N Carno- as 
Day TotalN Sol. N % AminoN sine creatinine 
0 A. 2-82 0-349 12-02 0-731 0-980 0-359 
B. 3:10 0-376 12-11 0-765 0-976 0-370 
3 A. 2-84 0-360 12-7 0-760 0-981 0-378 
B. 2-81 0-359 12-8 0-737 0-980 0-375 3B exactly same in appear- 
ance as A 
6 A. 3:33 0-420 12-3 0-764 0-980 0-362 Large spicules of ice in frozen 
B. 3:38 0-422 12-5 0-751 0-979 0-370 meat. Copious drip when 
thawed. Outer room meat 
very sticky and smells slightly 
musty 
8 B. 3:58 0-458 12-5 0-764 0-983 0-411 Meat in outer room definitely 
bad, therefore Exp. A stopped. 
Copious drip on thawing B 
meat 
10 B. 3-56 0-438 12°¢ 0-760 0-980 0-370 i oa 
13 B. 3:56 0-436 12-2 0-746 0-984 0-365 99 * 
A=outer room 35° F. B=inner room 25° F. 
DIscuSsION. 


These experiments were carried out in July 1925 when the weather was 
exceptionally hot and sultry with frequent thunder-storms, and therefore in 
all probability represent the maximum post-morlem change. The weather 
conditions were rather worse in Exps. 2 and 4 than in 1 and 3. 

With such atmospheric conditions it appears impossible to keep meat in 
a condition fit for human food at a temperature slightly above freezing point 
(35° F.) for longer than 3-4 days. This is shown by the fact that on the sixth 
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day of these experiments there was a decidedly musty smell, and an ap- 
pearance of incipient decomposition in both beef and mutton, and on the 
eighth day putrefaction had definitely started in three out of the four experi- 
ments. It is true that in these experiments the meat was shut up in glass 
jars, and therefore did not have the benefit of air currents, but, to balance 
this, in a cold room connected with an abattoir whole or half carcases would 
be stored instead of comparatively thin pieces of muscle and consequently 
they would not cool so rapidly. 


Exp. 2. Beef (fillet steak). 


G. per 100 g. meat 





Creatine 


G. per 100 g. meat Sol. N expressed 
———_——7__ Total N Carno- as 
Day TotalN Sol. N o. Amino N sine creatinine 
0 3-44 0-397 11-2 0-915 0-981 0-450 Day of slaughter 


B. 3:50 0-404 11-2 0-897 0-980 0-456 
3 A. 3-64 0-403 11-5 0-820 0-979 0-413 


B. 3-66 0-421 11-1 0-890 0-981 0-452 
6 A. 3-77 0-423 11-2 0-835 0-814* 0-452 A with faint musty smell and 
3. 3:86 0-439 11:3 0-847 0-990 0-452 sticky. Spicules of ice in B 
very red and dripping on 
thawing 
* Fall probably due to in- 
cipient decomposition 
8 B. 3-67 0-430 11-8 0-947 0-982 0-409 Meat in outer room quite bad; 
B’. 3:66 0-403 11-2 0-976 0-987 0-430 experiment therewith aban- 


doned. Very copious drip on 
thawing B 


10 B. 358 0413 115 0-908 0-987 0-419 u Ee 
B’. 357 0-425 = 11:3 0-909 0-980 0-425 


A=outer room 35° F. B=inner room 25° F. 


Exp. 3. Leg of mutton. 


G. per 100 g. meat 








earns namneas . 
Creatine 
G. per 100 g. meat Sol. N expressed 
—— Total N Carno- as 
Day TotalN Sol. N % <AminoN sine _ creatinine 
0 3-80 0-478 12-2 0-759 0-338 0-460 Day of slaughter 
= 0-469 _ 0-784 0-332 0-465 
3 A. 3:58 0-444 12-4 0-848 0-341 0-476 
B. 3:53 0-448 12-7 0-858 0-336 0-455 
6 A. 3-64 0-454 12-4 0-872 0-344 0-433 Frozen meat with ice spicules. 
A. 3:80 0-473 12:4 0-826 0-346 — Very slight musty smell in A 
B. 3:76 0-462 12-3 0-862 0-339 0-416 
8 A. 3:76 0-473 12-3 0-870 0-340 0-468 Slight musty smell in A and 
3. 3-81 0-457* 12-1 0-865 0-335 0-455 meat sticky 


* Some NH, lost 
0-928 0-331 0-478 Meat more sticky and smell 
0-919 0-330 0-465 stronger in A 
0-886 0-320 0-470 e ne 
0-860 0-320 0-465 


10 A. 3-68 0-451 L 
B. 3-63 0-446 1 

13 A. 338 0-411 12- 
3. 318 0-361 ] 


A=outer room 35° F. B=inner room 25° F, 


Sloe ye 36 
Who we 
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Exp. 4. Leg of mutton. 


G. per 100 g. meat 
A 








— ae 
c Creatine 
G. per 100 g. meat Sol. N expressed 
———_——_ Total N Carno- as 
Day TotalN Sol. N %  AminoN sine _ creatinine 
0 3-52 0-394 11-2 0-815 0-323 0-495 Day of slaughter 
3-47 0-390 11-2 0-814 0-338 — 
3 <A. 337 0-415 123 0-827 0-320 0-491 
B. 3-45 0-484 14-1 0-799 0-328 0-540 
6 A. 3-31 0-423 12-7 0-744 0-306 0-540 Slight musty smell in A. Spi- 
B. 3-43 0-414 12-1 0-823 0-330 0-499 cules of ice in B. B very wet 
on thawing 
8 B. 3:55 0-448 12-3 0-783 0-330 0-452 A quite bad; therefore aban- 
B’. 3-20 0-405 12-6 0-821 0-325 0-462 doned and two muscles in B 


used. Very copious drip on 
thawing of B 


10 B. 319 0-444 13-9 0-788 0-328 0-311* *Some drip lost 
B’. 3-28 0-445 13-2 0-767 0-331 0-488 


A=outer room 35° F. B=inner room 25° F. 


This decomposition of freshly killed meat kept at 35° F. is superficially 
surprising. That this happens whenever the outside weather conditions are 
hot and sultry is borne out by the experience of the engineer in charge of the 
chilling rooms at the Islington Cattle Market. He states that in hot English 
weather it is impossible to keep carcases in good condition at 35° F. for more 
than a few days though with cool outside conditions they can be kept for 
weeks at that temperature. For any prolonged period of storage during the 
hot weather in England the temperature must be below freezing point. This 
difference in the storage properties of a room at a constant temperature of 
35° F. according to varying outside atmospheric conditions may possibly be 
due to one or both of two reasons. The first is that in hot weather post-mortem 
changes take place more rapidly in the meat during the period between 
slaughter and the time when it attains the temperature of the chilling room, 
than is the case in cold weather. The second explanation is that the outside 
air drawn into the freezing chamber is more heavily laden with bacteria in 
hot weather than in cold, and consequently the organisms are able to de- 
compose the meat by sheer numbers, even at a temperature where bacterial 
action is necessarily retarded. If this is so, the storage properties of a chilling 
room should be greatly increased by some method of filtering the air before 
it is allowed to enter the storage chamber. 

The likelihood of there being no change in the composition of meat stored 
at 35° F. given cool outside conditions is supported by Exp. 3 on mutton 
where comparatively slight changes occurred, viz. a musty odour from the 
eighth to the thirteenth days and a sticky condition of the muscle without 
any definite and unmistakable putrefaction. Chemical estimations carried 
out on this meat showed no measurable change in composition. 

Meat stored below freezing point (25° F.) kept indefinitely as would be 
expected, and no change in the appearance of the meat could be seen up to 
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the third day of storage. To the naked eye it looked like fresh meat, or meat 
chilled to 35° F. By the sixth day, however, the meat at 25° F. was full of 
ice spicules, and had turned the characteristic bright red colour of frozen meat. 
There was also a copious drip on thawing this “iced” meat. 

Both the frozen and chilled meats show a little surface sweating on being 
brought into warm air even as early as the third day of storage, but this is 
purely the result of bringing a cold object into a warm humid atmosphere. 

The changes in frozen meat up to 13 days appear to be physical, since 
no chemical alteration could be detected in the total nitrogen, soluble nitrogen, 
ratio of soluble nitrogen to total nitrogen, amino nitrogen, carnosine or 
creatine contents of beef or mutton. The “drip” of frozen meat is probably 
due to the rupture of the muscle cells by ice spicules. 


SUMMARY. 


1. Beef or mutton kept at 25° F. and 35° F. appear identical in appear- 
ance with freshly killed meat up to the third day of storage. 

2. Beef and mutton kept at 25° F. show ice spicules and the red colour 
characteristic of frozen meat on the sixth day of storage. 

3. In hot English weather beef and mutton will not keep for 6 days in 
a room at 35° F. 

4. There is no change in total nitrogen, soluble nitrogen, amino nitrogen, 


carnosine or creatine in meat kept at 35° F. for 3 days, or at 25° F. for 
13 days. 


Thanks are due to Dr Dale for kindly allowing the meat to be placed in 
the cold rooms at the Medical Research Institute at Hampstead. 
The expenses of this work were defrayed by the Sheffield Corporation. 
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THE method of analysis of proteins devised by Van Slyke [1911] has been 
used by one of us since its first description. Reference has already been made 
to the difficulty experienced in securing a series of consecutive results agreeing 
closely with one another. In the search for the cause, the estimation of 
arginine and the amino nitrogen of the hexone bases was studied by Plimmer 
[1916, 1924]. A series of analyses of gelatin showing the erratic results ob- 


tained was published by Plimmer and Shimamura [1924], and Rosedale [1922 
experienced similar discrepancies with analyses of the proteins of flesh. In 
all the experiments the discordant results appeared to arise in connection 
with the precipitation and treatment of the phosphotungstates of the hexone 
bases. 

Although this method has been largely used by workers in America, they 
do not specially mention discrepancies such as we have observed, but reference 
to the published data in many cases reveals large differences in the results 
of the experiments. Similar difficulties have evidently been observed, since 
it has been proposed by the American Association of Official Agricultural 
Chemists [1924] to form a committee to investigate the method with a view 
of standardising the technique. 

Van Slyke’s method of protein analysis presents so many advantages that 
it has seemed to us desirable to study the details in order to ascertain at 
what stage the discrepancies occur. A long series of comparative analyses of 
gelatin, haemoglobin and caseinogen have been made by us independently 
and simultaneously during the past three years with chief reference to the 
treatment of the phosphotungstate precipitate. The experience thus gained 
has led to the adoption of simpler apparatus for the amide estimation and 
the omission of the long processes of evaporation. The data are thus more 
rapidly obtained and possible sources of error eliminated. The proteins used 
in this investigation were chosen for variety of content of hexone bases— 
gelatin with high arginine and little histidme, haemoglobin with high histidine 
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and caseinogen with each of the three bases in moderate amount. Cystine is 
not present in these proteins except in very small amounts and its presence 
has been neglected in these experiments. Its estimation by this method is 
postponed for future work. 

Van Slyke’s method of determining nitrogen distribution in proteins has 
been investigated by Gortner and Sandstrom [1925], whose results have 
appeared since the completion of our experiments. 


EXPERIMENTAL. 


The three proteins used in these studies were Coignet’s gold label gelatin, 
an old sample of caseinogen from the Rhenania company of Aix-la-Chapelle, 
and a sample of crystallised horse haemoglobin prepared several years ago; 
it had lost its crystalline form and had become insoluble and brown in colour. 

In order to carry out the comparative experiments designed for these 
investigations, it was necessary to use a considerable quantity of each of 
the three proteins. Amounts varying from 50 to 300 g. were eer sed by 
boiling under a reflux condenser for 36 hours with 5 parts of 25 % hydrochloric 
acid. The hydrolysed solutions were evaporated in vacuo to a thick paste, 
the paste dissolved in water and the water again evaporated off in vacuo, 
so as to remove hydrochloric acid as far as possible. The residue was dissolved 
in water and the volume made up to 2000 or 6000 cc., so as to contain from 
0-3 to 0-4 g. of nitrogen per 100 cc. representing about 2-5 to 3 g. of protein. 
From 10 to 20 or more analyses could thus be made with 100 cc. portions of 
the same solution. The solutions were preserved in the earlier experiments 
with toluene, in the later ones with thymol. The latter was preferable, since 
the layer of toluene made exact measurements of 100 cc. portions troublesome. 
Complete analyses of the distribution of nitrogen were made in all experi- 
ments, but attention was chiefly given to the estimation of amide and humin 
nitrogen and the treatment of the precipitate of the phosphotungstates. For 
convenience of reference and for comparison, all the data are given in a series 
of tables (pp. 1009-1011). These data are from the results by one of us. The 
data by the other show exactly the same differences and are omitted to 
save the extra printing. 


Amide and Humin Estimation. 


According to Van Slyke, the amide estimation is made by adding an excess 
of a 10 % suspension of milk of lime to a 100 cc. portion, and, with the addition 
of alcohol to prevent frothing, distilling off the ammonia 7 vacuo and collecting 
it in excess of standard acid contained in two distilling flasks connected 
together to act as receiver. 

As this process of collecting ammonia was cunsaliieniaian, and, in view of 
the work of Folin on estimating ammonia by aeration, unnecessary, it was 
modified to resemble the Folin technique. The side piece of the double necked 
distilling flask was bent at right angles so that it could be attached to a short 

63—2 
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double surface condenser set up in a filter flask. A Folin tube and bulb pierced 
with small holes was fastened by rubber tubing to the end of the condenser 
and reached to the bottom of the filter flask. It was found advisable to use 
a large filter flask of 1500 to 2000 cc. capacity, so that the bulb could be well 
covered with standard acid and water and so as to prevent splashing. 

Distillation is thus very conveniently carried out, and, if required, two 
sets of apparatus can be set up side by side and evacuated by a single pump. 

No precise information was given by Van Slyke of the quantity of lime 
suspension which should be used. It was to be added until the reaction was 
slightly alkaline. A considerable excess could thus be easily introduced. In 
previous work it was observed that this excess caused trouble firstly in 
washing the humin precipitate and secondly in creating violent bumping 
during oxidation of the humin in the Kjeldahl operation, with loss of many 
determinations. Excess of lime was also present in the mono-amino acid filtrate 
and again caused inconvenience in its manipulation. 

It was thus desirable to avoid a large excess of lime. By titrating the 
hydrolysed solution (5 or 10 cc.) using phenolphthalein as indicator, it was 
possible to calculate the amount needed and to add a slight excess. It was 
generally found that 0-8 to 1 g. of CaO was thus required and 1 to 1-5 g. was 
used in the analysis. The lime was finely ground and added in small portions 
at a time. After adding an equal volume of absolute alcohol, the distillation 
was started and the volume reduced to 25 te 50 cc. 

The humin is then easily and quickly filtered off on a small filter paper of 
9 cm. diameter and washed with about 100 cc. of water. If any humin remains 
adhering to the distilling flask, it is easily dissolved in the sulphuric acid 
required for the Kjeldahl operation and washed out with water. The water 
is evaporated off before adding the filter paper with the bulk of the humin 
precipitate. Frothing and loss of the determination are thus avoided. There 
is no trouble on account of bumping. In this way evaporation of the filtered 
solution and washings is avoided before precipitation with phosphotungstic 
acid. 

A short series of experiments was made with baryta water instead of lime. 
The amide and humin results were the same, but the use of baryta was found 
disadvantageous in the further stages of the procedure. 


Precipitation by Phosphotungstic Acid. 


As described by Van Slyke, the filtrate from the humin precipitate is 
acidified with 18 cc. of conc. hydrochloric acid and precipitated with 15 g. 
of phosphotungstic acid dissolved in water. The volume is made up to 200 cc. 
and the flask heated until nearly the whole of the precipitate is dissolved. 
It is allowed to cool and stand at least two days. 

The first possible variation in this procedure is the use of different quan- 
tities of phosphotungstic acid. The mono-amino acid filtrate was always found 
to contain phosphotungstic acid. It is generally stated that the phospho- 
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tungstates are soluble in excess of the reagent. Errors may arise on this 
account, but they are not easily avoided on account of varying quantities of 
protein that may be used and on account of the different content of hexone 
bases in the proteins. Only a few experiments were made with this variation. 
An excess was not found detrimental, but too little gave low results for the 
hexone bases. 15 g. phosphotungstic acid were therefore added in most 

‘ experiments. In all experiments the precipitation was made with phospho-24- 
tungstic acid prepared by us by the method of Wu [1920]. 

The effects of time of standing of the precipitated phosphotungstates and 
of the temperature were also investigated (see under Caseinogen Ila and 
Gelatin ITT). 

Filtration and Washing of the Phosphotungstates. 

In the earliest trial of the method by one of us it was found possible to 
filter off and wash the precipitate of phosphotungstates on the usual hardened 
filter paper in a Buchner funnel, and thus avoid the folded paper described 
by Van Slyke. The filtration is easily effected on a 5 cm. funnel, and if slight 
suction is maintained during the whole period, the filter paper does not become 
loosened from the funnel. The filtrate appears clear, but contains very fine 
particles. A perfectly clear filtrate is obtained by passing the liquid through 
an ordinary 7 cm. paper. 

Owing to the solubility of the phosphotungstates it has seemed to us most 
probable that the variation in the results would occur for this reason, more 
especially as the washing and filtration take an appreciable time, from 1 to 
3 hours depending on the amount of wash-liquid. The effect of washing the 
precipitate with 50 cc. and 100 ce. of liquid in 10 cc. portions was first tested. 
Washing with dilute hydrochloric acid alone was subsequently tried. Slightly 
lower results for the hexone base fraction were obtained with 100 cc., but the 
use of hydrochloric acid made no appreciable difference and was adopted for 
the final set of experiments. 


Treatment of the Phosphotungstates. 


The procedure adopted was that first described by Van Slyke [1911] in 
which the precipitate is suspended in water and dissolved in a slight excess of 
sodium hydroxide. Phosphotungstic acid is removed by adding barium 
chloride and the filtrate and washings from the barium phosphotungstate 
evaporated in vacuo and made up to 50 cc. Occasionally, it was found that 
the solution, which gave no further precipitation with barium chloride, on 
standing over night gave a further reaction. The exact cause of the second 
precipitation was not discovered, but seemed to depend upon the amount of 
sodium hydroxide used. 

In those experiments in which baryta water was used instead of lime, it 
was found that the phospliotungstate precipitate contained some insoluble 
matter, presumably barium phosphotungstate; on this account baryta was 
not so convenient as lime. 








1008 R. H. A. PLIMMER AND J. L. ROSEDALE 


During the course of the later experiments with haemoglobin and casein- 
ogen II the distillate obtained during evaporation was collected in standard 
acid in the apparatus used for estimating the amide nitrogen. An appreciable 
and fairly constant amount of ammonia, varying from 0-5 to 1 cc. of N/10, 
was always present. This was most probably derived from the decomposition 
of the arginine during the evaporation, which occupied several hours. 

To avoid this loss of ammonia, the final experiments with caseinogen and 
gelatin were made on the solution of the phosphotungstates in dilute sodium 
hydroxide without removal of the phosphotungstic acid and without evapora- 
tion. The precipitate dissolved readily on the funnel in from 30 to 40 cc. of 
N NaOH. The solution and washings were passed through the small 7 cm. 
filter and made up to 100 cc. The several estimations were equally well made 
in presence of phosphotungstic acid and bumping did not occur in the 
Kjeldahl operation if the oxidation was carried out not too rapidly. This 
procedure has now been adopted by us and has given concordant results 
with the proteins of eggs [1925, 1]. 

In whatever way the final solution has been obtained, arginine was esti- 
mated by Plimmer’s modification [1916] and the amino nitrogen by reaction 
with nitrous acid for 1 hour [Plimmer, 1924]. Total nitrogen was always 
estimated in a separate portion. 


Treatment of the Mono-amino Acid Filtrate. 


In the earliest experiments Van Slyke’s description was followed exactly. 
It was frequently found that during evaporation salts crystallised out and 
it was not possible to dissolve them in a volume of 200 cc. Their presence 
caused considerable bumping during the Kjeldahl operation, and errors pro- 
bably also arose in the making up to volume and measurement of samples. 

In order to avoid this trouble, the filtrate was evaporated to dryness 
in vacuo to remove hydrochloric acid as far as possible, and the residue was 
dissolved in water with the aid of a small quantity of sodium hydroxide, and 
made up to volume. Later, phosphotungstic acid was removed from the 
solution by adding barium chloride and treatment according to the process 
used for the hexone base fraction. Filtration and washing were not so readily 
effected owing to the gelatinous nature of calcium phosphotungstate. The 
solution was evaporated in vacuo and made up to 100 ce. 

During the course of these experiments the distillate, just as in the case 
of evaporation of the hexone base solution, was collected in standard acid. 
A fairly constant amount of ammonia, amounting on the average to 0-5 cc. 
N/10 was always found. It is difficult to assign the origin of this am- 
monia, but it most probably comes from arginine not precipitated by 
phosphotungstic acid. The presence of arginine in the filtrates was also 
shown by treatment of a portion with 20 9% NaOH. An amount of ammonia, 
generally 0-8 to 1 cc. N/10 for 20 cc. of solution was obtained. 

Just as in the case of the hexone base precipitate, the final experiments 





PROTEIN ANALYSIS 1009 


were made directly. The filtrate and washings were passed through the small 
7 cm. filter and made up to 250 cc. The amino nitrogen estimations gave the 
same results in presence of phosphotungstic acid and hydrochloric acid [see 
Plimmer, 1925] and bumping only occurred during the Kjeldahl process if 
the oxidation was done with too large a flame. 

This last procedure has again several advantages and has been adopted 
by us for nitrogen distribution in proteins. The results are very concordant 
and are rapidly obtained. After standing of the phosphotungstates the 
analyses are easily completed in two days. 

The whole series of results are given in the following tables. In the cases 
of gelatins I and II, they are calculated to g. of nitrogen per 100 cc., but in the 
other cases, the actual titration figures and the amount of amino nitrogen 
in mg. are shown. The differences in the series are thus better seen. The 
last table gives the mean results calculated in terms of nitrogen per 100 ce. 


GELATIN I. T.N. = 0-3598 g. per 100 ce. 


Phosphotungstates washed with 50 ce. 


Di-amino 50 ce. Mono-amino 100 cc. 
oo !@€#{["T™_——551 ——_ 
Amide N  Humin N T.N. Arg.N Amino N T.N. Amino N 
100 ce. 100 ce. 5 ee. 20 ce. 5 ee. 10 ce. 5 ec. 

g. N g. N g.N g.N g.N g.N g.N 
0-0067 0-0007 0-0924 0-0560 0-0465 0-2408 0-1922 
0-0066 0-0004 0-0924 0-0566 0-0465 0-2184 0-1864 
0-0064 0-0007 0-0910 0-0602 0-0461 0-2660 0-2195 
0-0069 0-0007 0-0924 0-0574 0-0455 0-2660 0-2161 


Mean  0-0067 0-0006 0-0921 0-0575 0-0462 0-2478 0-2035 


Phosphotungstates washed with 100 ce. 


0-0063 0-0007 0-0854 0-0560 0-2688 0-2626 
0-0069 Lost 0-0868 0-0566 0-2660 0-2136 
0-0067 0-0007 0-0812 0-0540 0-2716 0-2253 
0-0062 0-0007 0-0854 0-0532 0-2716 0-2299 
0-0062 0-0006 0-0840 0-0546 0-2744 0-2322 


0-0065  0-0007 0-0846 00-0549 0-2705  0-2334 


Geatin II. T.N. = 0-3710 g. per 100 ce. 


Phosphotungstates washed with 50 ce. 
0-0064 0-0009 00910 —0-0540 0-2744 
0-0059 0-0011 0-0896 0-0554 0-2744 
Mean 0-0062 ~ 0-0010 0-0903 0-0547 0-2744 


Phosphotungstates washed with 100 ce. 
0-0067 0-0004 0-0800 0-0532 0-0429 0-2324 0-2225 
0-0069 00006 = ~— Lost Lost 0-0406 0-2324 —0-2225 
0-0070 00007 0-0882 0-:0546 00-0451 0-2688 0-2198 
0-0067 00006 0-0896 0-0546  0-0455 0-2716 0-2198 
0-0068 0-0006 0-0856 0-0541 0-0435 0-2513 0-2223 
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Harmociosin. T.N. 10 cc. = 25°35 ec. N/10. 
Phosphotungstates washed with 50 cc. 





Di-amino 50 ce. Mono-amino 100 ce. 
—_M ——, 
Amide N Humin N T.N. Arg. N Amino N T.N. Amino N 
100 cc. 100 cc. 5 ee. 20 ce. 5 ce. 10 ce. 5 ee. 
ec. N/10 ec. N/10 ec. N/10 cco. N/10 mg. N cc. N/10 mg. N 
15-2 9-3 7-5 4-4 6-3851 15-4 9-8302 
15-6 9-3 7-6 42° 6-4891 15-1 9-9689 
16-2 9-5 7-6 3-8 5-6328 15°5 10-1328 
16-6 9-1 71 4-0 6-3093 15-0 9-6518 
Mean 15-9 9-3 75 4-1 6-2041 15-2 9-8959 


Phosphotungstates washed with 100 ce. 














15-6 9-3 7-4 4-8 5-9942 16-0 10-4542 
15-7 9-4 7-4 4-4 6-4148 15-5 10-0640 
15-9 9-3 6-9 3-6 53800 15-9 10-0894 
16-1 9-3 7-2 3-6 58605 15-6 9-7421 
Mean 15-8 9-3 7-2 4-1 59124 15-7 10-0874 
CasEINOoGEN I. T.N. 10 cc. = 23-65 cc. N/10. 
Phosphotungstates washed with 50 cc. 
25-0 2-6 5-6 3-7 4-3975 15:3 8-6643 
24-9 2-5 5-3 3:3 4-2793 15-9 9-1201 
24-9 2-2 5-5 3:7 4-3136 14-8 7-9736 
24-6 2-3 5-6 3°6 4-0707 14-6 7-5927 
Mean 24-8 2-4 5-5 3°6 4-2653 15-1 8-3377 
Phosphotungstates washed with 100 ce. 
24-7 2-5 53 35 41391 15:8 9-0533 
24-7 2-6 53 3°5 4-2023 15-4 8-7784 
24-8 2-2 5-4 3-3 4-2216 15-1 8-1624 
24-6 2-5 5-4 3°5 4-2962 14-6 8-0517 
Mean 24-7 2-4 55 3-5 4-2148 15-2 8-5114 


CasEINoGEN IT. T.N. 10 cc. = 24-0 ec. N/10. 
Effect of long standing of phosphotungstates. All washed with 50 ce. 


Mono-amino 











Di-amino 50 ce. 100 ce. 
OOO eee 
Amide N Humin N T.N. Arg. N Amino N T.N. Amino N 
100 ce. 100 cc. 5 ce. 20 cc. 5 ec. 10 ce. 5 ec. Standing 
ec. N/10 ce. N/10 cc. N/10 ce. N/10 mg. N ce. N/10 mg. N Days Temp. 
26-1 3-1 5:3 3-4 4-2823 14-4 8-4658 3 0° 
26-2 2:7 5-2 3-6 4-2823 14:8 8-0908 3 room 
26-3 2-6 5-4 3-5 4-5162 14-5 8-4914 15 0° 
26-1 2-5 5-2 3-4 4-3050 14-7 8-6532 15 room 
26-2 2-8 5-5 3-6 4-2190 14:3 8-6195 27 0° 
26-3 2-8 5-4 3-5 4-5382 13-9 8-2193 27 room 
26-1 2-7 5-4 3-5 4-7060 14-2 8-4960 38 0° 
26-3 2-6 5-7 3-4 4-6788 14-3. 9-1094 38 room 
Mean 26-2 2-7 5-4 3-5 4-4410 144 8-5182 
CasEINOGEN IT. 
(b) Use of Ba(OH), in place of CaO. All washed with 50 ce. 
25-8 3-0 55 3-3 4-7134 14-6 8-9385 3 room 
25-6 2-8 5-2 3-3 43759 14-7 9-2850 3 i 
25-8 2-9 5-0 3-6 5-0122 145 9-0594 10 “s 
25-8 3-0 5-4 3-4 4-9907 14-8 9-0197 10 . 
Mean 25-7 2-9 5-3 3-4 4-7730 14-7 9-0756 
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CasEINOGEN IT. 
(c) Use of Ba(OH), in place of CaO. All washed with 50 cc. No evaporation of 








solutions. 
Di-amino 100 cc. Mono-amino 250 ce, 
- , ———— ee a 
AmideN HuminN T.N. Arg.N Amino N T.N. Amino N 
100 cc. 100 ce. 10cc. 40 ce. 10 ce. 25 ce. 10 ce. 
ce. N/10 ce. N/10 cc. N/10 ce. N/10 mg. N ce.N/10 mg. N 
25-9 2-8 5-5 3-6 4-5312 15-0 7-1224 
25-9 2-8 5:3 3-5 4-5895 15-0 7-3439 
25-8 2-5 4-9 3:3 4-1418 14-9 7-2509 
25-7 2-7 4-9 3-6 4-4738 14-9 7-4306 
Mean 25:8 2-7 5-2 3-5 4-4341 14-9 7-2869 


CasEINOGEN IT. 
(d) With CaO. No evaporation of solutions. Use of less phosphotungstic acid. 


Phosphotungstates washed with 50 cc. 
Amount of 


phospho- 

tungstic 

acid. g. 
25-8 2-7 4:8 3-6 4-2057 15-3 7-3412 15 
25-7 2-7 4-7 3-6 4-3310 15-6 7-5782 15 
25-5 3-2 5-0 3-6 4-1887 15-5 7-6412 9 
25-7 2-5 4:8 3-9 4-2034 15-4 7-4495 9 
25-9 2-6 4-3 3-3 4-5805 15-4 7-3412 8 
25-8 2-7 4-3 3°3 4-2636 15-4 7-5347 8 
25-9 2:7 4-3 33 4-1809 15-7 7-3552 12 
26-0 3-0 4-4 33 4-2414 15-8 7-7764 13 


GeaTIN IIT. T.N. 10 cc. = 29-85 ec. N/10. 
With CaO. No evaporation of solutions. Different amounts of phosphotungstic 
acid for precipitation. 
Washing of phosphotungstates with N/10 HCl. 











8-7 0-5 8-5 9-4 5-8345 21-0 9-5880 15 

4-7 0-4 8-3 9-2 5-8902 21:1 9-5947 15 

58 0-6 8-9 9-3 6-1891 20-5 9-4574 15 

5-1 0-4 8-7 9-5 6-3654 20-2 9-5297 15 

3-6 0-5 8-4 9-8 5-9600 20-9 9-8637 15 . 
Mean 5-6 0-5 8-6 9-4 6-0478 20-7 9-6067 

5-6 0-5 8-5 9-8 5-7285 21-0 9-4906 18 

5-7 0-4 8-8 9-5 6-5495 20-2 9-3105 18 
Mean 5-6 0-5 8-6 9-6 6-1390 20-6 9-4056 

6-1 0-5 7-5 9-5 4-8469 21-7 10-2043 12 

7-3 0-5 77 9-3 5-3469 21-5 9-8637 12 
Mean’ 6-7 0-5 7-6 9-4 5-0969 21-6 10-0340 


Discussion OF RESULTS. 

Amide and humin estimation. Little comment is needed respecting these 
estimations. The values, except in the one case of gelatin III, are quite 
concordant and within the margins of experimental error. In this excep- 
tional case, the discrepancies were ultimately found to be due to irregularity 
in the vacuum during distillation. The use of a slight excess of lime, instead 
of lime suspension, and the modified receiving apparatus have distinct ad- 


vantages. 
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MEAN RESULTS IN TERMS OF G. NITROGEN PER 100 cc. 








Di-amino Mono-amino 
" . - ~ or a : at = ad x oe 
Amide Humin Amino Non-_ Argi- Histi- Amino Non- Total N 
N N T.N. N aminoN nine dine Lysine T.N. N amino N sum 


Gelatin I: 
50 cc. wash 0-0067 0-0006 0-0921 0-0462 0-0459 0-0575 0-0022 0-0324 0-2478 0-2035 0-0443 0-3472 
100 ce. ,, 0-0065 0-0007 0-0846 0-0431 0-0415 0-0549 0-0005 0-0292 0-2705 0-2334 0-0371 0-3623 
Gelatin IT: 
50 cc. wash 0-0062 0-0010 0-0903 0-0442 0-0461 0-0547 0-0076 0-0280 0-2744 0-2239 0-0505 0-3719 
100ce. ,, 0-0068 0-0006 0-0856 0-0435 0-0421 0-0541 0-0023 0-0292 0-2513 0-2223 0-0290 0-3443 


Gelatin III: 


Haemoglobin : 


15g. P.T.A. 0-0078 0-0007 0-1204 0-0605 0-0599 0-0658 0-0158 0-0388 0-2898 0-2402 0-0496 0-4187 
Ss. . 0-0078 0-0007 0-1204 0-0614 0-0590 0-0672 0-0129 0-0403 0-2884 0-2351 0-0533 0-4173 
50 ec. wash 0-0223 0-0130 0-1050 0-0620 0-0430 0-0287 0-0322 0-0441 0-2128 0-1979 0-0149 0-3531 


0-0221 0-0130 0-1008 0-0591 0-0417 0-0287 0-0303 0-0418 0-2198 0-2017 0-0181 0-3557 


” 


Caseinogen I : 
50ce. wash  0-0347 0-0034 0-0770 0-0426 0-0344 0-0252 0-0232 0-0286 0-2114 0-1667 0-0447 0-3265 
100 ce. ,, 0-0346 0-0034 0-0770 0-0422 0-0348 0-0295 0-0190 0-0285 0-2128 .0-1702 0-0426 0-3278 


Caseinogen II: 
Long standing 0-0367 0-0038 0-0756 0-0444 0-0312 0-0245 0-0192 0-0319 0-2016 0-1704 0-0312 0-3177 
Ba(OH), 0-0360 0-0040 0-0742 0-0477 0-0265 0-0238 0-0129 0-0375 0-2058 0-1815 0-0243 0-3200 
Noevaporation 0-0361 0-0038 0-0728 0-0443 0-0285 0-0245 0-0152 0-0331 0-2086 0-1821 0-0265 0-3213 


Treatment of phosphotungstates. In the first experiments (gelatin I, II, 
haemoglobin, caseinogen I) the object was to ascertain the effect of washing 
the phosphotungstate precipitate with 50 and 100 cc. of wash-liquid. In 
each case, the amount of nitrogen in the hexone base fraction was slightly 
less with 100 cc. than with 50 cc., but the difference was insufficient to cause 
any marked experimental error. 

Washing five times with 10 cc. of wash liquid was not only enough, byt 
much more rapid, since the precipitate gradually clogs the filter and delays 
the process. 

In the later experiments washing was effected with dilute hydrochloric 
acid without phosphotungstic acid. The results were the same. The omission 
of phosphotungstic acid is an advantage in using our direct procedure of 
making the determinations without evaporation of the solutions. 

No significant difference was noticed by allowing the precipitate to stand 
at 0° instead of at room temperature. Although the total hexone base nitrogen 
was greater after standing for 38 days, the long period presents no advantage. 

The values for arginine were within the limits of experimental error, and 
the amino nitrogen figures were consistent. The greatest variations were found 
in the amino nitrogen figures and these slight differences make the great 
difference in the final calculations. No appreciable error can be assigned to 
these estimations which had previously been investigated by Plimmer [1924]. 

Precipitation with different amounts of phosphotungstic acid. Different 
amounts of phosphotungstic acid were used in the experiments with caseinogen 
II and gelatin III. Excess of phosphotungstic acid had no appreciable effect, 
but too little gave low values for the hexone bases. In those cases in which 
smaller amounts were used, the filtrate showed the presence of phosphotungstic 
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acid and gave no further precipitation on addition of more reagent. The 
results indicate that a slight excess of phosphotungstic acid is necessary. 

The mono-amino acid filtrate. Errors arising from precipitation and 
washing of the phosphotungstates accumulate in the mono-amino acid 
filtrate and augment the differences due to the mono-amino acids alone: The 
greatest differences in the final calculations are caused by small differences 
in the amino nitrogen. Compared with the Kjeldahl estimation, the amino 
nitrogen estimations are too sensitive. It would be advantageous to determine 
them to the nearest tenth of a mg. 

The direct procedure avoiding evaporation of solutions. Loss of ammonia 
was found to occur during evaporation of solutions. This has been overcome 
by making the determinations directly. The results were then very con- 
sistent and much time was saved. This procedure has been adopted by us as 
a standard [1925, 2]. 

Cause of irregularities in the results. Since the individual data are generally 
within the limits of experimental error, it is very difficult to assign definitely 
the cause of discrepancies. If the whole procedure be considered, the origin 
must be located in the precipitation with phosphotungstic acid. Though the 
conditions are the same, the results vary slightly. Solubility of the phospho- 
tungstates appears to be the chief factor. Corrections for solubility were 
given by Van Slyke as determined in aqueous solutions of the separate com- 
pounds. These values are probably different in the solution of amino acids, 
and in our calculations have been neglected. Solubility as the chief factor 
in causing variations is emphasised by observations on keeping the mono- 
amino filtrate after making the estimations. It was frequently observed that 
a slight crystalline precipitate slowly formed, and on testing for arginine by 
boiling with sodium hydroxide a considerable amount of ammonia was evolved 
[see 1925, 2]. Though incompleteness of precipitation with phosphotungstic 
acid seems the chief cause of the annoying discrepancies in the final results, 
the method cannot be condemned on this account. The various data should be 
taken to the same sub-multiple of the total nitrogen. Estimation of the amino 
nitrogen to a much higher one, as is usually done, is valueless. 

Since the small differences in the actual estimations lead to large differ- 
ences in the final calculation of percentages, the common practice of returning 
the data to two places of decimals is entirely misleading. The figures indicate 
values only within 3 to 5 %. 

The values obtained by us for these three proteins on the whole correspond 
with those found by Van Slyke [1911, 1914], but they show differences 
amounting to 3 or 4 % noticeable most particularly in the histidine content. 
No attempt was made in this series of experiments to determine the histidine 
directly by bromination [Plimmer and Phillips, 1924]. It will be of interest 
to ascertain how bromination will yield results by the direct procedure. 
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SUMMARY. 


A comparative series of estimations of the nitrogen distribution in the 
proteins, gelatin, haemoglobin, and caseinogen have been made to ascertain 
how the discrepancies in results arise during the manipulations of the Van 
Slyke method. The errors are connected with the phosphotungstic acid pre- 
cipitation, mainly due to incomplete precipitation of the hexone bases. The 
greatest differences are found in the amino nitrogen determinations. These 
are estimated to a higher sub-multiple of the total nitrogen and both should 
not be recorded beyond tenths of a milligram. 

Loss occurs during evaporation of solutions. By adopting a simpler and 
more rapid procedure avoiding evaporation, concordant results are obtained. 
These results are within from 3 to 5 % of one another on calculating the 
nitrogen distribution in percentage of the total nitrogen. 


Grateful acknowledgement is made to the Government Grant Committee 
of the Royal Society for a grant which has covered the expenses of these 
investigations. 
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THE distribution of nitrogen in the proteins of eggs has not yet been 
ascertained by the method of Van Slyke. These data are of interest to us in 
connection with other experiments upon egg proteins and in connection 
with their value in nutrition. Their determination also gives us a further 
opportunity of testing our simplified and direct procedure mentioned in the 
previous paper. A complete series of analyses has been carried out by each of 
us simultaneously and independently. Concordant results, showing distinct 
differences in the egg proteins, have been obtained by this procedure. 


EXPERIMENTAL. 

The proteins used in these experiments were prepared from eggs with white 
yolks from our hens on a diet of white rice, fish meal, dried yeast and cod- 
liver oil. 

The yolks were separated from the whites and cleaned from adhering white 
by washing, whilst held in the palm of the hand, under a gentle stream of 
water. They were then spread upon glass plates and exposed to the air for 
about 12 hours. The material, thus dried, was scraped off the plates and 
extracted with cold absolute alcohol, hot absolute alcohol and ether. The 
fat-free residue, so obtained, formed a slightly reddish-brown powder after 
grinding in a mortar. This material constituted the egg-yolk protein. No 
separation into constituent proteins was made for these analyses. 

The whites, free from yolk, were broken away from the membranes and 
poured into 24 volumes of boiling water containing 0-4 % of acetic acid, 
and heated for 10 to 15 minutes. The coagulated protein was filtered off, 
washed with boiling water, placed in two changes of absolute alcohol for 
dehydration and finally extracted with ether. On grinding in a mortar, a 
perfectly white powder resulted and formed the egg-white protein. 

The acid filtrate from the coagulated white was evaporated to a small 
volume and poured into two volumes of absolute alcohol. The precipitate of 
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ovomucoid was filtered off, washed with alcohol, redissolved in water and 
reprecipitated with two volumes of alcohol. It was dehydrated with alcohol 
and extracted with ether; it formed a white material easily pulverised. 

The egg-membrane was prepared from the shells by first treating with 
very dilute sodium hydroxide to remove adhering white and then with dilute 
hydrochloric acid to dissolve the calcium carbonate. The residue was freed 
from acid and treated with absolute alcohol and ether. On drying, the material 
had an opaque white appearance. 

The average yields of these proteins per egg and their composition are given 
below: 


Average yield 


per egg Moisture Ash Nitrogen 
g- Oo % % 
Egg-yolk 2-5-3 6-63 5-15 11-43 
Egg-white 2-4-2-8 8-68 0-11 12-88 
Ovomucoid 0-1-0:3 7-74 1-75 11-23 
Egg-membrane 0-2 6-87 0-29 13-16 


In each case, 30 g. of protein were hydrolysed by boiling for 36 hours 
under a reflux condenser with 250 cc. of 25 % hydrochloric acid. The solution 
was evaporated in vacuo to a paste, the paste dissolved in water and the 
solution again evaporated in vacuo to remove hydrochloric acid as com- 
pletely as possible. The residue was dissolved in water and the volume made 
up to 1250 cc. The solutions were preserved with thymol. 

Total nitrogen was determined in 10 cc. portions and the nitrogen distri- 
bution in 100 cc. portions. 

The nitrogen distribution was carried out by our simplified and direct 
procedure without reference to the content of cystine. This procedure may, 
for convenience, shortly be described. 

The 100 ce. portion was measured with a pipette into a double necked 
distilling flask of 750 to 1000 cc. capacity with side piece bent at right angles. 
It was made slightly alkaline by the addition, in small quantities at a time, 
of 1 to 1-5 g. of finely powdered lime, according to its acidity as estimated 
by titration of a separate 10 cc. portion using phenolphthalein as indicator. 
After solution of the lime, 100 cc. of absolute alcohol were added and the dis- 
tilling flask connected to a short double surface condenser set up in a 1500 to 
2000 ec. filter flask with Folin tube and bulb attached to the end of the 
condenser and reaching to the bottom of the filter flask. The filter flask 
contained excess of N/10 acid and sufficient water to cover the bulb amply. 
Distillation in vacuo was carried out at 45 to 50° until the volume in the 
distilling flask was reduced to 25-50 cc. The excess of acid in the filter flask 


was then titrated. 

The contents of the distilling flask were filtered through a 9 cm. filter 
paper into a flask with 50 cc. marks up to 200 cc. and the flask and filter 
washed until the volume reached about 150 ce. Humin adhering to the dis- 
tilling flask was dissolved in the conc. sulphuric acid used for the Kjeldahl 
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operation and washed out with water. The humin and the filter paper were 
only added to the sulphuric acid after removal of the water. 

The filtrate was acidified with 18 cc. of cone. hydrochloric acid and 15 g. 
of phosphotungstic acid (prepared by Wu’s method), dissolved in a little 
water, added. The flask was heated until the precipitate had nearly gone into 
solution, and allowed to cool and stand for 2 to 4 days. 

The phosphotungstate precipitate was filtered off on a 5 cm. funnel. For 
this purpose the newly introduced filters of Jena glass are more advantageous 
than the Buchner funnel. The precipitate was washed 5 times with 10 cc. 
of dilute hydrochloric acid (1 : 10), the material being stirred up with the 
wash liquid and sucked dry each time. The filtrate and washings were passed 
in turn through a 7 cm. paper and collected in a 250 cc. flask and made up 
to volume. 

The precipitate was dissolved on the filter in 30 to 40 cc. of approx. N 
NaOH, which was first used to dissolve any particles remaining in the flask. 
This solution was passed through the same 7 cm. filter and collected in a 
100 cc. flask. Flask, filter and paper were then washed with changes of water 
till the volume reached the 100 cc. mark. 

The several estimations were then made on the solutions directly. No 
bumping occurred in the Kjeldahl operation, unless the heating was too 
rapid. Arginine was estimated by boiling 40 cc. with an equal volume of 
40 °%, sodium hydroxide under a reflux with a Folin tube attached and dis- 
tilling the ammonia into the bulb after running the water from the condenser. 
Amino nitrogen was determined in the di-amino fraction by reaction for 
1 hour, in the mono-amino fraction for half an hour. 

The remains of the solutions from several experiments were mixed together 
and the above estimations repeated. 

Cystine estimations were not made, as the method of estimation is still 
under investigation. 

The results are shown in the following tables. Five separate experiments 
were made by each of us, but only one series of data is given in order to save 
space. The two sets were exactly comparable. 

These data are followed by calculation of the mean result in terms of 
nitrogen in g. per 100 cc. and in percentages of total nitrogen. 

The tables show the good agreement of the data given by our simplified 
and direct procedure for a series of analyses on the same solution. The 
greatest variations are in the estimations of the amino nitrogen; these data 
should only be taken to tenths of a milligram. In calculating the percentages 
no allowance has been made for solubilities of the hexone bases. 

The individual figures for the several proteins show distinct differences. 
Egg-white proteins contain more mono-amino nitrogen than the egg-yolk, 
which has more di-amino:nitrogen. It is remarkable that egg-membrane has 
the highest di-amino figure and has most histidine, and that the histidine is 
so low in the egg-white and ovomucoid. The lysine nitrogen is very similar 
in the four proteins. 
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Eae-voik. T.N. = 19-1 ec. N/10 per 10 ce. 
Di-amino 100 cc. Mono-amino 250 ce. 
ae . Ty 
AmideN HuminN T.N. Arg.N Amino N 27 Amino N 
100 cc. 100 cc. 10 ce. 40 cc. 10 cc. 25 ce. 10 ce. 
ce. N/10 cc. N/10 ec. N/10 cc. N/10 mg.N cc. N/10 mg.N 
17-2 4-6 5:3 5-6 3-7510 11-8 6-4161 
17-2 4-5 5-1 5-8 3°7971 11-9 6-6222 
17-4 4-4 5-2 55 3°6155 12-1 6-4470 
17-4 4-5 5-1 5:7 3°7516 11-8 6-4714 
17-4 4:8 5-1 5:5 3-9707 11:8 6-5124 
Mean 17-3 4-6 5-2 5-6 3-7772 119 «6 -4138 
Remains of solutions 5:3 5-7 3-8930 12-0 6:4267 
Eee-wuite. T.N. = 21-3 cc. N/10 per 10 ce. 
19-5 4:3 4-5 5-2 3°7508 14-3 76055 
19-5 4-1 4-6 5-2 39486 14-4 7-6177 
19-3 3-9 4:8 5-0 3-9684 14-3 7-5192 
19-8 4-4 5-0 5-0 3°8355 14-6 8-2888 
19-6 4-2 4-7 4-8 4-0577 14-5 8-3168 
Mean 19-5 4-2 4-7 5-0 3-9122 14-4 7-8696 
Remains of solutions 4:6 5-2 4-3524 14-5 7-9840 
Eac-MEMBRANE. T.N. = 22-5 cc. N/10 per 10 ce. 
15-4 3°5 7-1 7-5 4-7109 14-0 7-0344 
15-4 3-4 7-0 78 4-8142 14-0 6-9424 
15-4 3-2 6-9 75 4-9015 14-1 6-7937 
15-2 3-4 6-9 7-6 4-6799 14-0 7-0707 
15-2 3°8 6-7 7-6 4-7031 14-0 6-8348 
Mean 15-3 35 6-9 7-6 4-7619 14-0 6-9352 
Remains of solutions 6-7 7-7 5-0575 14-0 7-1443 
Ovomucorp. T.N. = 21-6 cc. N/10 per 10 ce. 
25:8 3°6 4-9 4-5 4-4605 13-9 7-7719 
25-6 3-5 4-7 4-7 4-7943 13-7 7-9421 
25-8 3-7 4-9 4-7 4-6539 13-9 7-9618 
25-8 3°6 5-0 4-6 4-7574 14-0 8-0051 
25-5 3-9 4:8 4:9 4-4818 13-8 8-1423 
Mean 25-7 3-7 4-9 4-7 4-6296 13-9 7-9646 
Remains of solutions 4-9 4:9 4-5528 13-7 7-9278 
MEAN RESULTS IN G. N Per 100 cc. 
Di-amino Mono-amino 
Total Amide Humi . an —. -_ then “ar “a ee 
ge eee ate “s,s Ee a et a 
Egg-yolk 0-2681 0-0242 0-0064  0-0728 0-0392 0-0378 0-0350  0-0084 0-0252  0-1666 0-1624  0-0042 
white 0-2982 0-0273 0-0059 00-0658 0-0350 0-0391 0-0267  0-0007 0-0301 _0-2016 0-1967 00-0049 
» membrane 0-3150 0-0214 0-0049 0-0966 0-0532 0-0476 0-0490 0-0137 0-0297 0-1960 0-1734 0-0226 
Ovomucoid 0-3024 0-0360 0-0052 0-0686 0-0330 0-0463 0-0223 —0-0037 0-0356 0-1946 0-1991 —0-0045 
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MEAN RESULTS IN PERCENTAGES OF TOTAL N. 


Di-amino 

ae - ns ~ Mono-amino 

. “ Non- Histi- Ssh Caedeeietllbegeca 

Amide Humin Argi- Amino amino dine Lysine Amino Non- 
N N T.N. nineN N N N N T.N. N aminoN Total 
1 9-4 62-1 60-6 1-6 100-6 
2 10-1 67-6 66-0 1-6 100-9 
3 9-4 62-2 55-0 7-2 101-3 
2 11-7 64:3 655 —1-4 100-6 


145 141 1 


7-1 3 3- 
22-1 nT Wl 8- 
0- ef 5. 

2-7 Ss 


Egg-yolk 9- 0 * 2 
Egg-white 5 2 
Egg-membrane i 6 ; 
Ov ‘omucoid 1l- 


~ 169 148 «1 


1 
9 oO 

2 5 4 
109 153 «7-4-1: 


From these data the content in hexone bases has been further calculated 
in terms of moisture- and ash-free protein, for comparison with the figures 


by isolation. In these figures are included data for arginine from the mono- 


amino fraction (see next paper). 
G. of amino acids per 100 g. of 
moisture- and ash-free protein 


A — 


pes 
Arginine Arginine Arginine 
di-amino mono-amino _ total Histidine Lysine 
Egg-yolk 5: 1-9 7-6 : 4 6-0 
Egg-white . 1- 6-9 7-4 
Egg-membrane . 1-2 8-6 2-2 6-9 
Ovomucoid 4-2 l- 5-7 7-6 


By isolation [see Plimmer, 191 


Egg-yolk vitellin 7 : 4-8 
Egg-white crystallised albumin . . 3°8 
Egg-membrane keratin — 
Ovomucoid 


The two sets of figures are not in agreement. This is partly accounted for 
by the different proteins used, though no marked difference has been found 
between the vitellin and livetin constituting egg-yolk protein, and the 
crystalline albumin and conalbumin of egg-white. The nitrogen distribution 
method always gives higher values for lysine. Other data than those given 
above show 0 or 0-7 % of histidine in egg-white, figures more in agreement 


with those by nitrogen distribution. 


SUMMARY. 


The nitrogen distribution in the proteins of eggs has been determined by 
a shortened and simplified modification of the Van Slyke method. The results 
are given in a series of tables and comparison is made with the figures 
obtained by other workers by isolation. 


The expenses of these experiments have been covered by a grant from the 
Government Grant Committee of the Royal Society, to whom we desire to 


express our thanks. 
REFERENCE. 


Plimmer (1917) Constitution of Proteins. Part I. Analysis. (Longmans, Green and Sons, London.) 
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CXLV. ANALYSIS OF PROTEINS. 
VII. DIRECT ESTIMATION OF ARGININE. 


By ROBERT HENRY ADERS PLIMMER 
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(Received October 26th, 1925.) 


ARGININE is estimated in the Van Slyke method of determining the nitrogen 
distribution in proteins by decomposition of the di-amino fraction by boiling 
with sodium hydroxide. As far as is known, no other amino-acid, with the 
possible exception of cystine, yields ammonia under these conditions. Histi- 
dine was found by Plimmer [1916] to give a very small amount. Consequently, 
it should be possible to determine arginine directly in the solution of hydro- 
lysed protein without precipitation by phosphotungstic acid. On making 


experiments in this way, it was found that higher results were obtained. On 
further examination, the mono-amino filtrate from the phosphotungstate 
precipitate was found to give amounts of ammonia corresponding to the 
difference. In Part V [1925] it was shown that the errors of the Van Slyke 
method arose from incomplete precipitation by phosphotungstic acid. If no 
other amino-acid gives ammonia under these conditions, the arginine content 
of a protein is the sum of the values obtained from the di-amino and mono- 
amino fractions, or the value obtained by direct estimation without precipi- 
tation by phosphotungstic acid. 


EXPERIMENTAL. 


The same solutions of hydrolysed proteins were used as described in the 
previous communications. 

Separate portions of 100 cc. were treated with lime to remove amide and 
humin nitrogen. An equal volume of 40 % sodium hydroxide was added and 
the solution boiled under a reflux condenser for 6 hours [Plimmer, 1916]. 
The values for the di-amino fractions were given in the previous papers. The 
mono-amino fractions were also tested by heating 50 cc. quantities from the 
experiments in a similar way. 

The results, all calculated per 100 cc. of original solution, in terms of 
cc. N/10 were as follows: 
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Di-amino Mono-amino Sum ofdi-amino N % of 
fraction fraction and mono-amino' _ totaJ N 
16°3 13-4 
12-5 10-4 
12-5 10-6 
26-5 17-8 
18-5 19-2 
17-0 16-0 
25-0 22-2 
20-3 18-6 


Haemoglobin . 10-3 
Caseinogen I 2-5 9-0 
Caseinogen IT 2: 8-8 
Gelatin IIT 27- 23°5 
Egg-yolk proteins f 14-0 
Egg-white proteins : 125 
Egg-membrane 24- 19-0 
Ovomucoid , 11-8 


DP PR wWwWWR 
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In all cases, the amount of arginine by direct estimation was higher than 
by determination in the di-amino fraction. The amount in the mono-amino 
filtrate in most cases corresponds with the difference. A few values are not 
concordant. The agreement is better in the experiments in which our direct 
procedure for the whole series of manipulations was used. The error is greatest 
in the case of haemoglobin; it was not possible to repeat the experiment as 
no more of the same solution was available. 

The presence of arginine, assuming the absence of an unknown amino- 
acid, in the mono-amino fraction is further evidence of incomplete precipi- 
tation by phosphotungstic acid. This was shown in the previous communi- 
cation to be a cause of the irregularities in the results by the Van Slyke 
method. The behaviour of cystine under these conditions has still to be 
ascertained, but as this compound is not present in gelatin, caseinogen and 
haemoglobin the only conclusion at present is that arginine as estimated is 
too low, and that its real value is that obtained by direct estimation or the 
sum of the figures from the di-amino and mono-amino fractions. 


SUMMARY. 

Arginine, estimated directly in solutions of hydrolysed proteins by boiling 
with sodium hydroxide, has a higher value than if estimated in the di-amino 
fraction precipitated by phosphotungstic acid. On treating the mono-amino 
fraction in the same way, a value is obtained representing the difference. 
The arginine value of a protein is the sum of the figures obtained from the 
di-amino and mono-amino fractions, or the figure obtained directly, assuming 
that no other amino-acid behaving like arginine is present in proteins. 


These experiments have been carried out with the help of a grant from the 
Government Grant Committee of the Royal Society, to whom we desire to 


express our thanks. 
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CXLVI. TYROSINASE, ITS ACTION ON PHENOLS, 
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Happotp and Raper [1925] and Raper and Wormall [1925] produced strong 
evidence that tyrosinase was not capable of deaminising aliphatic amino- 
acids or tyrosine, and concluded that Bach’s [1914] theory of this enzyme 
action was not correct. Robinson and McCance [1925] working simultaneously 
over almost the same ground, found that tyrosinase was not capable of 
oxidising aliphatic amino acids. Happold and Raper moreover and Robinson 
and McCance both confirmed Chodat and Schweitzer [1913] in this, namely 
that deamination of the amino-acids followed the addition of certain phenols 
to the system, and Happold and Raper concluded from their experiments 
that only those phenols capable of being oxidised to ortho-quinones by tyro- 
sinase could act in this way—the amino-acid playing a purely passive part, 
and undergoing a secondary oxidation by the ortho-quinone. 

The facts about resorcinol which Robinson and McCance were fortunate 
enough to detect, and some results reported in this paper show (1) that the 
system tyrosinase + phenol + amino-acid is a much more complicated one 
than Happold and Raper supposed, the amino-acid playing an active part 
in the system, and that probably no ortho-quinones are formed; (2) that the 
action of tyrosinase on tyrosine depends on the fact that tyrosine is both a 
phenol and an amino-acid; (3) that tyrosinase catalyses the reduction of 
methylene blue in the presence of an amino-acid + a phenol. 

The subject will be dealt with in two parts, firstly, oxidations without 
enzyme, secondly, the catalysis of these by tyrosinase. All the aerobic ex- 
periments were done in Barcroft differential micro-respirometers and the 
anaerobic experiments in Thunberg vacuum tubes or for temperatures over 
40° in test-tubes closed with a rubber bung carrying a glass tube for purposes 
of evacuation. 


I, 


Many phenolic substances show this peculiarity. They are readily oxidised 
by atmospheric oxygen but they are not substances which reduce methylene 
blue. Batelli and Stern [1921] found this with p-phenylenediamine, using 
thionine, not methylene blue. Their explanation was that the system was a 
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reversible one, and that with only a small amount of thionine present equili- 
brium was very near the start. Szent-Gyorgyi [1924] explained the same 
facts on the ground that the atmospheric oxygen was “activated” in War- 
burg’s sense by iron, and on adding tissues a more rapid activation occurred, 
but that there was no activation of the hydrogen of the p-phenylenediamine 
by the muscle tissue, and therefore methylene blue was unable to act as the 
hydrogen acceptor even if tissue enzymes were present. Experiments with 
quinol and catechol have shown that Szent-Gyorgyi’s explanation was wrong. 
Quinol at py 8 in phosphate or borate buffer was found to take up oxygen at 
a linear rate which was unaffected by M/500 concentration of cyanide (Fig. 1). 
This excludes activation in Warburg’s sense. Further, quinol was found to 
reduce dinitrobenzene, where activation of the H acceptor by iron is out of 
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KCN concentration M/500 in 3 ce. borate buffer py 8. 
22-5 mg. glycine, 3 cc. borate buffer py 8. 
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22-5 mg. quinol, 3 cc. borate buffer py 8. 
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the question, but to do so much more slowly than it took up oxygen. The 
technique used was simply to incubate, after evacuation, a 1 % solution of 
quinol in buffer solution at py 8 with a little solid dinitrobenzene. A yellow 
colour developed over night which turned rose-pink to violet on adding soda. 
Quinol at py 8 did reduce methylene blue but only extremely slowly. The 
reduction was, however, complete and the rate measurable at 80°, so that 
there are also objections to Batelli and Stern’s explanation. The experiments 
about to be described have made it clear that methylene blue, dinitrobenzene 
and atmospheric oxygen are not equivalent H acceptors. Wieland [1924] 
has also had occasion to note a case of this recently. Working on the amino- 
acid oxidation by charcoal and palladium black Wieland found that methylene 
blue was not capable of replacing atmospheric oxygen as hydrogen acceptor 
although dinitrobenzene was capable of doing so. Harger [1924] has confirmed 
older work that in the formation of amino-quinones from amino-compounds 
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and quinone by oxidation, excess of the latter can act as the oxidising agent 
and play the part of hydrogen acceptor with aromatic amines and amino-acid 
esters, but not with aliphatic amines. Atmospheric oxygen on the other 
hand can act as the hydrogen acceptor in all these cases. In this case quinone 
and atmospheric oxygen are not equivalent. 

In the presence of an amino-acid, quinol and catechol both were found 
to reduce methylene blue (freely on warming to 80°). An example from some 
experimental results will make the above statement clear. From solutions 
of quinol (0-5 % in borate buffer at py 8), glycine (1 % in borate buffer at 
Py 8) and methylene blue M/1000 tubes were filled as follows, evacuated, and 


placed in a water-bath at 80°. 


Table I. 


A. 1-5 ce. quinol +1-5 ce. buffer +0-3 cc. meth. blue: slightly reduced in 2} hours 
B. 1-5 ce. quinol +1-5 ec. glycine +0-3 cc. meth. blue: colourless in 21 mins. 
C. 3 cc. buffer +0-3 cc. meth. blue: no change in 2} hours 


This action of amino-acids was found to be specific; aliphatic amines 
(methylamine and ethylamine), aniline, urea and ammonia were unable to 
act in this way, when the py was carefully adjusted. Glycine anhydride had 
a very small effect, due no doubt to hydrolysis. This reaction has been 
carried out using larger quantities of the reagents to determine if the amino- 


acids were oxidised during the reduction of the methylene blue. 10 mg. 
catechol, 10 mg. glycine, 1 cc. phosphate buffer and 4 cc. M@/50 methylene blue 
in phosphate buffer (pq 8) were heated together in a vacuum, one control 
tube being similar but containing no methylene blue and another containing 
no catechol. After complete reduction of the methylene blue the amino-N 
content of all the tubes was estimated in the smallest form of the Van Slyke 
apparatus and found to be exactly the same in all. In a second experiment 
ammonia was estimated by Nessler’s method, and no appreciable increase 
was detected in the experimental tube. In a third experiment catechol was 
replaced by quinol with similar results. It is almost certain that the oxidation 
quinol + quinone is not what is catalysed by the amino-acid, for if it had 
been the amino-acid would have been found to have been oxidised [Traube, 
1911]. p-Cresol alone was found practically not to reduce methylene blue 
at all, but to do so slowly in the presence of glycine. These reactions were 
found to be quite unaffected by M/500 KCN. Tyrosine being both an amino- 
acid and a phenol was found to reduce methylene blue slowly. The experi- 
mental evidence is summarised in Table II. The tyrosine was recrystallised 
repeatedly and the rate of reduction was found to be unaffected by this treat- 
ment. 0-5 g. tyrosine was dissolved in 20 cc. phosphate buffer at py 8 by 
warming. 3 cc. (in duplicate) were added to 0-3 cc. M/1000 methylene blue 
in a tube and evacuated, placed in a water-bath at 80° and the reduction time 
noted. Equimolecular solutions of the other substances tested were treated 
in duplicate in an exactly similar way. 
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Table II. 

Substance Reduction time 
Alanine No reduction 
Leucine a 
Tryptophan Over 5 hours 
Glycine No reduction 
Phenylalanine ae 
p-Cresol ” 
Tyrosine 1 hour 20 mins. 


Aerobically quinol was found to have a rapid oxygen uptake alone as 
aiready stated. Addition of an amino-acid, however, did not accelerate the 
oxygen uptake but retarded it, and ammonia and aliphatic amines had the 
same effect. Both these observed results were the reverse of those obtained 
with methylene blue, and already described. Both seem to have their origin 
in the fact that there is something specific about each of these hydrogen 
acceptors. Fig. 1 shows the results of one out of six experiments which all 
gave identical results. It should be contrasted with Table I. Aerobic oxida- 
tion of catechol was found to be slower than that of quinol and the presence 
of ammonia to give a similar but less marked retardation of the oxygen uptake. 
The addition of glycine gave at first a slower oxygen uptake, as with quinol, 
but this oxygen uptake became faster in an autocatalytic manner. Probably 
further secondary oxidations follow in this case which do not occur with 
quinol, and the initial effect of the glycine is exactly the same in both 
cases. M/500 KCN does not affect any of these oxidations (Fig 1). 

Two reactions must be capable of taking place simultaneously in the 
system phenol + amino-compound + hydrogen acceptor: (1) the same oxi- 
dation of the phenol as takes place in the absence of the amino-compound: 
(2) the oxidation of the coupled system. This alone is appreciable with 
methylene blue in the case of quinol, and there is a further specificity in 
that only amino-acids seem capable of inducing it with this hydrogen 
acceptor (only a-amino-acids have been tried). Aerobically both (1) and (2) 
take place, and amines and amino-acids exert apparently the same action. 
There is no unknown factor such as an enzyme present, so that all the results 
must be due to differences in the hydrogen acceptors. The results indicate 
that the various substances used as hydrogen acceptors may have certain 
properties in common, but that each possesses a very marked specificity of its 
own which is so far quite unexplained, but which must depend ultimately upon 
chemical structure. So much so is this the case that sometimes this chemical 
structure seems more important than oxidation potential. This is particu- 
larly true of the case reported and confirmed by Harger [1924] where atmo- 
spheric oxygen oxidises both aromatic and aliphatic amines with quinone to 
form amino-quinones, and the excess of quinone (which has an oxidation 
potential) will effect the former but not the latter. 

The colour formed by these phenol oxidations is so striking and has formed 
such a large part of the evidence from which conclusions have been drawn 

in the past, that the following observations are important, especially if 
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compared with the observed rate of oxygen uptake. On adding a solution of 
glycine to one of catechol (both at py 8) there was an instantaneous violet 
coloration. This was due to impurities (iron, etc.) in the glycine, took place 
in @ vacuum and, as the Barcroft results showed, had no connection with the 
oxygen uptake. In time the solution of catechol + glycine became darker 
than the solution of catechol alone, and finally went a reddish brown while 
the control was still practically colourless. When two bottles, one containing 
quinol and the other quinol + glycine, were shaken simultaneously the one 
containing glycine quickly became pink, then red, and later red brown. The 
cause of this was almost certainly the formation of amino-quinones which 
are red compounds thus: quinol -» quinone + 2 amino-acid — amino-acid 
quinone. 


IT. 


Two sources of tyrosinase have been used: (a) the same enzyme and 
method of preparation used in a previous paper [Robinson and McCance, 
1925], (b) tyrosinase from the meal-worm. This was freshly prepared for 
each experiment, as the preparation soon lost its activity on keeping. The 
worms were ground up very fine in a mortar with a little water, the solid 
material washed six times with water, and separated from the washings each 
time by the use of a centrifuge. The washings were disregarded and the fine 
suspension used as the enzyme solution. The action of each enzyme appeared 
to be the same. The suspension of meal-worm used as a source of tyrosinase 
contained a powerful peroxidase. 

The reduction of methylene blue in each of the following systems was 
found to be catalysed by tyrosinase: quinol + glycine, catechol + glycine, 
and especially p-cresol + glycine (all in buffer at py 8). Without enzyme 
quinol (or catechol) + glycine reduced methylene blue much faster than 
p-cresol + glycine but in the presence of the enzyme these relative rates were 
reversed and the same amount of methylene blue was reduced very much 
faster by p-cresol + glycine. p-Cresol is of course much more akin structurally 
to tyrosine than is quinol. o-Cresol + glycine practically did not reduce any 
methylene blue with or without enzyme, and m-cresol + glycine reduced 
methylene blue almost as fast as p-cresol in the presence of the enzyme. 
Tyrosinase can act therefore by accelerating the anaerobic oxidation of a 
phenol in the presence of an amino-acid and it is reasonable to suppose from 
what is known of other enzymes that this is the method by which it acts 
aerobically. In other words tyrosinase exerts its catalytic action by hydrogen 
activation. At the same time tyrosine + tyrosinase did not reduce methylene 
blue any faster than tyrosine alone. These experiments have been done most 
carefully: some tubes were kept 8 days in a high vacuum with only small 
amounts of methylene blue present, and Raper and Wormall’s [1923] results 
confirmed. There can, however, be little doubt that in the presence of a 
suitable hydrogen acceptor tyrosinase would act on tyrosine anaerobically. 
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Aerobic experiments with tyrosinase afforded further evidence that the 
amino-acid plays an active part in the system. The oxidation of p-cresol is 
enormously accelerated by tyrosinase (its rate of oxidation without any 
enzyme is negligible). The rate of oxygen uptake was, however, still further 
increased by the addition of glycine. 


Nature of the effects of amino-compounds on phenol oxidation. 


Quinol has been found to form various addition compounds with aliphatic 
amines [Harger, 1924] and it is probable that compounds of a similar nature 
are formed by amino-acids and ammonia but they have not yet been isolated. 
It is possible that these compounds form the first step in the formation of 
amino-quinones. Such an addition compound might be more easily attacked 
by oxidising agents than the simple quinol, and in fact have quite difierent 
properties. No other phenols have so far been reported to form these addition 
compounds, but catechol and resorcinol have now been found to form well 
defined crystalline compounds of this type (see experimental section at the 
end of this paper), and when solutions of p-cresol and various amines were 
mixed there was an evolution of heat but no crystals were obtained on evapor- 
ation. The same was true of leucine ethyl ester with all the phenols tried, 
namely quinol, p-cresol, m-cresol and catechol. With Mr Dixon’s assistance 
the effect on the reduction potential of adding glycine to a solution of catechol 
or quinol was tested and found to be nil. This was unexpected in view of 
the marked effect the same addition would have had on the reduction of 
methylene blue and the rate of oxygen uptake, besides the chemical evidence 
of a phenol-amine addition compound. The exact nature of the effect exerted 
by an amino-compound on the oxidation of a phenol, and the chemistry of 
that oxidation must remain undecided for the present. 


The effect of cyanide and pyrophosphates. 


Only the meal-worm tyrosinase has been used for these experiments. 
Both KCN and pyrophosphates have no effect on the enzyme-free oxidations 
already described. Pyrophosphates (Z/500) were found to inhibit slightly 
both the methylene blue reduction and oxygen uptake of p-cresol + glycine 
+ tyrosinase. KCN is extremely toxic to the enzyme, and exerts this effect 
both with methylene blue and oxygen. The following is a typical experiment. 
Four vacuum tubes were made up as follows: A and B; 10 mg. p-cresol, 10 mg. 
glycine, 1-5 cc. borate buffer py 8, 0-3 cc. methylene blue M/1000, 1 cc. 
enzyme, 0-5 cc. H,O: C and D; the same with the addition of KCN (titrated 
to py 8) instead of water to make a final concentration of M/500. After 
evacuating, all four were placed in a water bath at 38°. A and B were com- 
pletely decolorised in 1# and 2 hours respectively, C and D were still blue 
after 5 hours. There was, however, aerobically a very unusual feature of this 
inhibition by KCN, for its effect wore off after a time and the system began 
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to take up oxygen, and this moreover very much sooner and faster when 
glycine was present. This was definitely not due to hydrolysis of the KCN 
as time went on, and in fact the addition of more KCN when the latent 
period was over seemed to make very little difference. The enzyme seemed 
almost to have become immune to KCN (Fig. 2). This inhibition is obviously 
a very complicated mechanism and would have provided material for a 
complete investigation. One difficulty would have been to standardise the 
conditions, for the enzyme preparation seemed to lose strength on keeping, 
and the length of the latent period was found to depend among other things 
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Fig. 2. 
A. 10 mg. p-cresol. 10mg. glycine. 1-5 cc. borate buffer pq 8. KCN (total concentration 
M/500). 0-5ec. H,O. 1 cc. tyrosinase suspension. 
B. 10 mg. p-cresol. 1-5 ce. borate buffer py 8. (KCN concentration M/500.) 0-5 cc. HO. 
1 ce. tyrosinase suspension. 
At | concentration of KCN was increased to M/250. 


on the relative proportions of the KCN and enzyme. Some of the results 
obtained are here given briefly: (a) the KCN inhibition of the oxygen uptake 
of p-cresol + tyrosinase was greatly shortened by the addition of glycine to 
the system; (b) the rate of oxygen uptake and the amount of oxygen taken up 
after the latent period depended on the amount of glycine present; (c) the red 
colour formed by this oxidation in the solution and, therefore, probably the 
products of the oxidation, appeared identical with those formed in the absence 
of KCN. 

Perhaps the most interesting points at present are, (a) that there is a 
marked inhibition by KCN which is not an effect of iron, (b) that this latent 
period and curve of oxygen uptake is exactly the same as that obtained with 
resorcinol and glycine, resorcinol [Gortner, 1911] being known to exert an 
inhibitory effect on tyrosinase. It almost seems as if the amino-acid exerted 
a double function, (a) an effect on the phenol, (6) a protective effect on the 
enzyme. 
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The nature of tyrosinase. 


Onslow and Robinson [1925] have advanced a theory of the action of 
tyrosinase, which is an extension of Onslow’s ‘“‘catechol” theory of oxidations. 
Essentially the theory is that either all samples of tyrosine contain traces 
of an ortho-dihydroxy-compound as an impurity, or that the enzyme contains 
traces of active oxygen. If this were true, the initial rate of oxygen uptake 
would depend entirely on the amount of this impurity and the curve of 
oxygen uptake would be autocatalytic, which has never been proved. More- 
over, the following experimental evidence makes it practically certain that 
the oxidation of p-cresol, tyrosine, resorcinol, quinol, etc., with or without 
enzyme, and with or without glycine, or other amino-compound, does not lead 
to the formation of o-dihydroxy substances. Catechol and all o-dihydroxy 
substances combine quantitatively with boric acid to give compounds with 
strongly acid properties [Lambert, 1889]. This property of borates is so 
definite that it has formed the basis of two methods for the volumetric estima- 
tion of boric acid. All the above phenols undergoing oxidation spontaneously 
or under the influence of tyrosinase have been found to give quantitatively 
similar oxygen uptakes in borate or phosphate buffer at py 8 and the py 
after the oxidation is the same in both cases, e.g. in both 1 mol. p-cresol takes 
up 3 atoms of oxygen. On the contrary, catechol, 0-5 % in borate buffer 
Pr 8, gives a strongly acid solution. These same facts also disprove Happold 
and Raper’s [1925] theory that deamination of the amino-acid follows only 
if an ortho-quinone is formed in the oxidation of the phenol. 

Raper and Wormall [1925] found that tyrosinase would not act upon 
p-hydroxyphenylpyruvic acid + NH;, though of course it would act readily 
on p-hydroxyphenylalanine (tyrosine). Methylene blue has been found to be 
reduced by a phenol + an amino-acid but not by a phenol + NHsg, and this 
reduction is catalysed by tyrosinase. It would seem that in both these cases 
the presence of the amino-acid was necessary to effect the oxidation of the 
phenol. In tyrosine both the oxidisable phenol group and the “‘co-enzyme” 
amino-group are combined in the same molecule. This seems to be the 
reaction catalysed by tyrosinase, though the chemistry of this oxidation 
remains to be determined. 

Robinson and McCance [1925] reported that in the systems catechol (or 
p-cresol) + amino-acid + tyrosinase, the oxygen used for the amino-acid 
agreed quantitatively with the reduction of the amino-N but much less 
ammonia than this was set free. The explanation of this is possibly as follows. 
Some of the amino-acid is involved in the formation of the phenol-amino- 
compound (such as an amino-quinone); this would lead to a decrease in the 
free amino-N of the system but not to any liberation of free ammonia. 
Hydrogen peroxide probably is simultaneously formed and this would react 
with the peroxidase and more amino-acid to give both a reduction of amino-N 
and an increase of free ammonia. The discrepancy does not seem to be due to 
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the formation of cyanates, for none were detected by the methods described 
by Fearon and Montgomery [1924] in a solution of p-cresol, glycine and 
tyrosinase which had been aerated 23 days at py 8. 


EXPERIMENTAL SECTION. 


Preparation of the addition compound (catechol),-diethylamine. 

2-5 g. catechol were dissolved in 50 cc. absolute ether and 5 cc. diethyl- 
amine added. Crystals very soon began to separate. These were filtered off, 
washed twice with small quantities of absolute ether and recrystallised from 
warm benzene. The crystals were white rectangular plates, very soluble in 
water and ether, less soluble in benzene and light petroleum. M.p. 78-79°. 

Analysis. Found: C, 66-03; H, 7-93; N, (1) 4-6, (2) 4:8 %. 

Calc. for (catechol),-diethylamine: C, 65-53; H, 7-86; N, 4-78 %. 

After keeping a month the crystals had turned brown. The compound 
was completely dissociated in acid solution and the amine could be titrated. 


Preparation of the addition compound (resorcinol) ,-diethylamine. 


| g. resorcinol was dissolved in absolute ether and diethylamine added 
drop by drop until the granular precipitate which appeared momentarily 
with each drop persisted. On standing a heavy precipitate appeared. This 
proved to be readily soluble in excess of diethylamine. The precipitate was 
filtered off, washed and recrystallised from benzene. The crystals obtained 
were white needles with similar solubility to the catechol compound. M.p. 115°. 

Analysis. Found: C, 65-55; H, 7-71; N, 4-75 %. 

Calc. for (resorcinol),-diethylamine: C, 65-53; H, 7-86; N, 4-78 %,. 

The crystals did not turn brown on keeping, even after 6 months. 

In an endeavour to discover the nature of the compound formed by the 
action of tyrosinase on p-cresol alone, the addition compound of quinone- 
(p-cresol), analogous to the known pheno-quinone compound was synthesised. 
This compound has an orange colour identical in appearance with that formed 
by the p-cresol tyrosinase system, but the properties of the two solutions are 
not the same. 

1-5 g. quinone dissolved in hot light petroleum were added to 6g. of 
p-cresol also dissolved in hot light petroleum. On cooling a heavy crop of 
orange-red crystals was obtained and recrystallised from the same solvent. 
M.P. 63-5°. The crystals were needles and always had a faint smell of quinone. 

Analysis. Found: C, 73-78; H, 6-34 %. 

Calc. for quinone-(p-cresol),: C, 74-1; H, 6-18 %. 


SUMMARY. 


1. Experiments have shown that there may be a marked specificity among 
the various substances classed as H acceptors. Their chemical structure seems 
to be the basis of this and any further explanation seems impossible at present. 
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2. Tyrosinase catalyses the reduction of methylene blue by a solution at 
Px 8 of p-cresol + glycine. Tyrosinase, therefore, acts by hydrogen activation. 

3. The action of tyrosinase on tyrosine depends upon the fact that 
tyrosine is both an amino-acid and a phenol, and though the amino-acid 
does not undergo any deamination, it appears to act as a co-enzyme for the 
oxidation of the phenol. Similarly, in the system p-cresol + amino-acid +4 
tyrosinase, the amino-acid does not merely undergo secondary oxidation but 
plays an active part in the system. 

4. The spontaneous oxidation of all the phenols examined (alone or 
together with amino-compounds) has been shown to be independent of 
KCN. M/500 KCN strongly inhibits both the aerobic and anaerobic action of 
tyrosinase. 

5. Addition compounds of catechol and resorcinol with diethylamine, and 
a p-creso-quinone compound analogous to the known pheno-quinone, have 
been prepared for the first time. 


The author takes this opportunity of thanking Sir F. G. Hopkins for his 
help, criticism and encouragement. 
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In a previous communication [1924] it was shown that the base spermine can 
be isolated from a variety of tissues and has the formula C,)H.,.N,. 

Of the various methods of attacking the problem of its chemical consti- 
tution which have been tried, the most promising appears to lie in the 
exhaustive methylation of the base. It has been found that by this procedure 
ten methyl groups are taken up by spermine, giving a quaternary ammonium 
base C,>H,)N,(OH), and indicating that two of its nitrogen atoms are primary 
whilst the other two are secondary. The degradation of this base yields at 
least two simpler bases, the identification of which will be attempted with 
the larger amounts of spermine now available. 


EXPERIMENTAL. 

Methylation of spermine. 1-59 g. spermine hydrochloride were dissolved in 

5 ec. water; 40 cc. 2% KOH in methyl alcohol and 5 cc. CH,I were then 
added. The mixture was heated to 40° in a water-bath under a reflux con- 
denser until its reaction was neutral to litmus, which occurred in 30-45 minutes. 
10 cc. 4 &% KOH in methyl alcohol were then added and the heating continued. 
At about half-hourly intervals, the solution having become neutral again, 
similar quantities of KOH were added; in all, fourteen such additions and 
three of 4 cc. CH,I were made. To the practically neutral solution water was 
added to dissolve the crystallme material which had separated and the 
methyl alcohol and excess of methyl iodide were distilled off in vacuo. The 
iodides in the aqueous residue were converted into chlorides by shaking with 
excess of freshly precipitated silver chloride, and to the filtrate (300 cc.) from 
this was added a saturated aqueous solution of mercuric chloride. This pre- 
cipitates the very sparingly soluble mercurichloride of decamethylspermine. 
After standing the mercurichloride was filtered off, washed with water and 
dried in a vacuum desiccator. Yield 7-05 g. This salt was suspended in 
500 cc. water, heated on the water-bath and the mercury was removed by 
H,S. The HgS was suspended in 500 cc. hot water and again treated with 
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H,S to ensure complete decomposition. The combined filtrates were concen- 
trated on the water-bath to about 150 cc. when excess of sodium picrate 
solution was added. The picrate, after standing, was filtered off, washed with 
a little water and dried at 90°. Yield 5-7 g. This is a practically theoretically 
quantitative yield. After recrystallisation from water 5 g. of the pure picrate 
were obtained from which a solution of the chloride was made in the usual 
way and the following salts prepared. 

Decamethylspermine chloroaurate: CypHsypN, (AuCl,),. This salt is very 
sparingly soluble in water, but is readily soluble in mixtures of water 
and acetone from which it crystallises in glistening, diamond-shaped plates. 
Recrystallised from 15 % HCl it is obtained as short, prismatic needles. 
M.P. 278-280° with decomposition. It contains no water of crystallisation. 

Analysis. 0-1300 g. gave 0-0598 g. Au. 

Au found, 46-0 %; cale. 46-30 %. 

Decamethylspermine chloroplatinate: CypHspN, (PtClg).. This salt is very 
insoluble in water and alcohol. Recrystallised from 15 % HCl it is obtained 
as a dull orange powder, the crystalline form of which resembles that of 
ammonium chloride. M.p. 286—288° with decomposition. It contains no water 
of crystallisation. 

Analysis. 0-1757 g. gave 0-0588 g. Pt. 

Pt found, 33-47 %; cale. 33-56 %. 

Decamethylspermine tetrapicrate: CopHs9N4 (CgH,O,N ),. This salt is very 
sparingly soluble in water (about 1 part in 6500 at room temperature), from 
which it crystallises in long, thin, flat needles. mM.p. 272—274° with decom- 


position. 
Analysis. 0-08135 g. gave 0-1399 g. nitron picrate. 
Picric acid found, 72-80 %; cale. 72-82 %. 

Decamethylspermine mercurichloride. This salt is very insoluble in cold 
water and can be recrystallised from dilute HCl in star-shaped groups of 
thick prisms. M.P. 268°. 

The chloride of the ammonium base is very hygroscopic; with a solution 
of iodine in potassium iodide it gives a chocolate-brown crystalline pre- 
cipitate, and a crystalline precipitate with an alcoholic solution of zinc 


chloride. 


REFERENCE. 
Dudley, Rosenheim, M. C. and Rosenheim, O. (1924). Biochem. J. 18, 1263 
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I. THE IDENTITY OF MUSCULAMINE, NEURIDINE AND GERONTINE 
WITH SPERMINE. 


(a) Musculamine. Etard and Vila [1902] isolated this base as a benzoyl 
compound from hydrolysed calf’s muscle, and gave it the formula CgH,,N3. 
Posternack [1902] pointed out the agreement of the analytical figures with 
C;H,,N,. and suggested the identity of musculamine with cadaverine, a sug- 
gestion which was afterwards adopted by Etard and Vila [1903]. We have 
obtained the same benzoyl compound from a dilute acetic acid extract of 
calf’s muscle, but were unable to isolate it from the hydrolytic products of 
the extracted muscle. The substance is therefore not a cleavage product of 
muscle protein as previously assumed. Moreover we were able to identify 
the base as spermine by means of its characteristic insoluble phosphate, the 
picrate (M.p. 250°) and the chloroplatinate (m.p. 245°). The analytical figures 
given by Etard and Vila agree with the formula of spermine, C,)H,,N,, as 
established by Dudley, M. C. Rosenheim and O. Rosenheim [1924]. 

(b) Neuridine. A base of the composition C;H,,N, was obtained by 
Brieger [1885] from fresh human brain and named neuridine on account of 
its assumed relation to neurine. Its alleged occurrence amongst the products 
of putrefaction was no longer maintained by Brieger himself after his subse- 
quent discovery of cadaverine (pentamethylenediamine), which has the same 
elementary composition. We prepared the base from fresh ox brain and found 
it to be identical with spermine (insoluble phosphate of characteristic crystal- 
line form, chloroaurate, M.P. 225°). We are able to confirm Brieger’s description 
of the properties of the picrate and its behaviour on heating, which furnish 
an additional proof of the identity of neuridine and spermine. 

(c) Gerontine. In histological sections of dog’s liver, Grandis [1889] found 
transparent, fairly insoluble crystals, which he isolated by mainly mechanical 
methods [1890] and identified as the phosphate of a base having the com- 
position C;H,,N,. The chloroplatinate was analysed and a description of the 
picrate is given, unfortunately without its melting point. According to Grandis 
the base is not identical with pentamethylenediamine. Although we have not 
repeated the tedious mechanical isolation of the crystals, as described by 
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Grandis, we had no difficulty in obtaining similar crystals from dog’s liver 
by the chemical methods previously described for the isolation of spermine 
phosphate [Dudley, M. C. Rosenheim and O. Rosenheim, 1924]. In spite of 
slight discrepancies in the described properties of gerontine and spermine, 
which may easily be due to the inherent difficulties of Grandis’ method of 
isolation, we feel justified in considering the two bases as identical. 


II. THE DISTRIBUTION OF SPERMINE. 

In our attempts to find a suitable material for the preparation of spermine 
in reasonable quantity, we carried out a number of experiments which furnish 
a fairly reliable picture of the distribution of this interesting base. Usually 
3 to 5kg. of material were worked up by one of the methods previously 
described [Dudley, M. C. Rosenheim and O. Rosenheim, 1924]. The figures 
given in the following table represent the actual yield of once recrystallised 
spermine phosphate, expressed in mg. per 100g. of fresh material and ar- 
ranged in the order of yield. 


Semen (man) 260 mg. % Testis (bull) 6 mg. % 
» (bull) 0 Thymus (calf) ae 
Pancreas (ox) 25-30 ,, Adrenal (ox) a gs 
Liver a | Thyroid ,, ue 
Kidney _,, a Blood (ox) whole 0 
Ovary (cow) 14 ,, . defibrinated 0 
Muscle (calf) i> és serum 0 
» (sheep) ies 
rn (ox) a Milk (cow) 0 
» (horse) Soa Egg (hen) 0 
Spleen (ox) os 
Lung ,, Se Yeast (Lebedeff) a 
Brain ,, De » (distillers) a oe 
»  (marmite)* 40 ,, 
»  (baker’s) 0 


* The spermine content of “‘marmite” is very variable. The figure represents the maximum 
yield, whilst some batches contain only traces. 

The absence of spermine from bull’s semen is striking. We were unable 
to isolate it from 30 cc. of the material by the same method which yields 
weighable amounts when carried out with only 5 cc. of human semen [ Rosen- 
heim, 1924]. This result confirms the accuracy of the micro-chemical picric 
acid test (Barberio), which is negative with animal semen [Baecchi, 1912]. 

Apparently calf’s muscle is richer in spermine than that of the fully grown 
animal. In the case of a six weeks old pig, however, we found no greater 
percentage of spermine in its tissues than occurred in those of an adult animal. 
The fact that the existence of spermine in muscle has been overlooked by 
Kutscher and his school is probably explained by their use of tannin for the 
preliminary purification of meat extracts. 


III. THE sIGNIFICANCE OF SPERMINE. 
No systematic study of the physiological properties of spermine has yet 
been made, but such information as we have at present throws no light on 
the rdle of spermine in the organism, Its absence from bull’s semen appears 
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to indicate that it is not essential for fertilisation in general, whilst the fact 
that it is not present either in the egg or in milk implies that it is not essential 
to the development and growth of the young animal. This view is supported 
by the result of an experiment carried out by Prof. J. C. Drummond, who 
found that spermine cannot replace vitamin B (yeast). Prof. R. A. Peters 
has performed some tests which prove that spermine, which is present in 
yeast, has no anti-neuritic activity, whilst Prof. A. Harden has informed us 
that experiments made to ascertain whether spermine phosphate could func- 
tion as a co-enzyme in alcoholic fermentation yielded negative results. 


Our best thanks are offered to these gentlemen for their kindness and 
interest in making the experiments and for their permission to quote the 
results. 

We are also indebted to Dr J. Golding of the National Institute for Re- 
search in Dairying, Reading, for supplying us with a quantity of bull’s semen. 


SUMMARY. 


1. Spermine is shown to be identical with musculamine, neuridine and 
gerontine, bases which have been obtained from calf’s muscle, human brain 
and dog’s liver, respectively, by earlier investigators. 

2. The yields of spermine obtained from various animal tissues and yeast 


“. 


are tabulated. It is shown to be absent from bull’s semen, ox blood, cow’s milk 
and hen’s egg. 
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THE equation of Michaelis and Menten [1913], to which reference was made 
in a previous note [Briggs and Haldane, 1925], holds for the case where one 
molecule of enzyme combines with one molecule of substrate, as the first 
mentioned authors assume. It holds also for other cases. 

Euler and his co-workers [1923, 1924] have obtained evidence that the 
silver equivalent of invertase is about one-fourth of the molecular weight of 
the enzyme. The same holds for the bromine and sulphur equivalents. If 
the saccharose equivalent also is less than the molecular weight, the equation 
of Michaelis and Menten no longer holds unless we elaborate the picture. 

Assuming the sugar equivalent to be one-fourth of the molecular weight, 
that is, each enzyme molecule is capable of accommodating four sugar mole- 
cules, there will be five species of enzyme molecules in a solution containing 
invertase and sugar: enzyme molecules free from sugar, molecules with one 
molecule of sugar attached, and so on up to those with four molecules attached. 
The fraction of the total enzyme molecules in these five states being 2, y, z, u 
and v, the fractiun of the total enzyme which is active (e,) is equal to” = os S 
a molecule of enzyme with two sugar molecules attached being twice as 
effective as a molecule with one, and so on. If we assume that only one 
molecule of sugar can be gained or lost at a time, then it can readily be shown 
that the expression for the fraction of enzyme active is 

he, a the athe? + 0%ha/2 + 84/6 
= EA tak, +3%h,)/2 +55k,/6 + 54/24 ? 


- key + ka* : 
s is the concentration of substrate and k, = s: *-. Values of fractional 


1 
activity are given in the table, column A. These depart considerably from the 
values calculated from the equation e, = s/(s + k,), the equation of Michaelis 
and Menten. 


es 

eo OF 

s/ks A B C 
} 057 -062 -068 
1 “125 -121 -130 
y -246 225 -230 
2 -453 -373 371 
4 “ 690 -540 “539 
8 “854 -683 -693 
16 -933 813 -812 


* k, is the velocity constant of detachment of sugar molecules, &, that of conversion of com- 
bined molecules into invert sugar. 
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If we amplify our picture by supposing that sugar molecules can be 
combined to enzyme molecules so that the sugar is linked at two points as 
well as at one, as we assumed above, the number of species of enzyme mol- 
ecules is increased to nine. Assuming that only those sugar molecules attached 
at one point can break down into invert sugar, the fractional activity of the 
enzyme is given by the expression 

ne ak Pk +k ek,? + 8k,2k,/2 +.s*k,2/6 + s%hgh,? + skgk,? 

8 Eek,* + skek, + oh 2k,?/2 +k eky/6 + 8tk,2/24 + okjk,* + oye + s%ky/2 + Pkgky?/2 ? 
where k; is the ratio of the velocity constants of attachment and detachment 
of the second class of sugar molecules. The fractional activity when k; = 2k, 
is shown in column B. In column C are given the values assuming the equation 
of Michaelis and Menten to hold, the value of k, being 3-25 times that used 
in our equation. It will be seen that the fit is quite good; it is comparable 
with the fit obtained by Kuhn [1923] for the Michaelis equation and fractional 
activity of invertase. 

In the derivation of these equations the assumption was made that the 
probability of the combination of a substrate molecule with an enzyme 
particle is independent of the number of vacant places on the latter. Should 
the probability be proportional to this number then the first equation be- 
comes identical with the Michaelis equation. 

This subject is being treated in greater detail by the author in an account 
of enzyme action which it is hoped will appear shortly. 
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THE presence of lipochromes in bacteria, 7.e. in plant cells free from chloro- 
phyll, should afford an excellent opportunity for studying both the conditions 
of formation and the functions of these substances, which, so far as chemical 
examination has shown, appear to be highly coloured, rather unstable hydro- 
carbons or simple derivatives. 

Zopf has published a series of papers [1889, 1, 2; 1892] in which he has de- 
scribed the “chromolipoids” in eight species of bacteria, a summary of his work 
being given by Palmer [1922]. In three organisms, viz. B. egregium, B. chrys- 
ogloia and M. (staph.) aureus, Zopf recorded fairly definite evidence for carotene 
formation, for besides his colour tests with acids and solubilities he found 
that the alcoholic solutions showed two absorption bands 492-497 (covering 
the F line) and 456-442 (between the F and G lines). In Sphaerotilus roseus 
he found a yellow water-soluble pigment and a red alcohol-soluble one, the 
latter showing the bands of carotene. In the other four cases his evidence is 
not convincing. 

Practically the only other recorded work on the occurrence of lipochromes 
in bacteria is that of Schrotter [1895], who briefly reported experiments to 
show that the pigments of Sarcina aurantiaca and of M. (staph.) pyogenes 
aureus give the solubility properties and colour reactions with conc. H,SO, 
of “lipoxanthin,” his general term for a lipochrome. However, he did not 
study the absorption spectra. Consequently it seemed desirable, in view of 
the improved technique due to Willstatter and his colleagues [1907-13], 
Tswett [1906, 1] and others, to examine in detail the pigments produced by 
some of the coloured organisms. 

An additional stimulus to this enquiry lay in the more or less general 
association of vitamin A with lipochromes in the tissues of higher plants 
exposed to the light [Steenbock and Cross, 1919; Rosenheim and Drummond, 
1920; Steenbock, Sell and Boutwell, 1921; Steenbock and Sell, 1922; Coward, 
1923], and the absence of vitamin A but presence of lipochromes in etiolated 
plant tissues [Coward, 1924, 2]. This suggested the advisability of making 
an examination of the coloured organisms for the presence of vitamin A. 
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The two organisms investigated in this work are Sarcina aurantiaca and 
Streptothrix corallinus. Both are readily cultivated and are deeply pigmented, 
but differ in form and method of multiplication. 


A. SARCINA AURANTIACA . 


Large cultures of this organism were grown in Roux bottles on broth agar. 
After about ten days the growth was scraped off the surface, ground with 
anhydrous sodium sulphate, and boiled with alcohol for five minutes. Practi- 
cally the whole of the pigment was thus extracted. Preliminary tests for the 
general lipochrome reactions were carried out on the material extracted by 
the alcohol and gave positive results. 

Solubility. Insoluble in H,O. Soluble in alcohol, ether, light petroleum 
and chloroform. 

Colour tests. Greenish-blue colour with conc. H,SO,, HNO,, and I in KI 
solution. 

Kraus’ phase test. The alcoholic extract was evaporated to dryness in 
an atmosphere of nitrogen, dissolved in 5 cc. light petroleum, and an equal 
volume of 90 % alcohol added. The pigment was almost entirely “epiphasic,”’ 
so probably little or no xanthophyll was present. 

At this stage it seemed evident that probably more than one lipochrome 
was present, so it was decided to adopt Tswett’s chromatographic method of 
analysis. Saponification of the organisms with alcoholic potash and subse- 
quent extraction with ether and light petroleum did not give satisfactory 
results, owing to the formation of yellow resinous material during saponifica- 
tion which is also extracted by light petroleum. The method finally adopted 
was that used by Coward [1924, 1] for higher plant tissues, the massed organ- 
isms being saponified with aqueous potash, and 20 cc. alcohol being added 
immediately before extraction with ether. The process was carried out as far 
as possible in an atmosphere of nitrogen. The ethereal solution was evaporated 
to dryness and the unsaponifiable matter redissolved in light petroleum 
(B.P. 40-60°). The chalk column was prepared according to Tswett [1906, 2] 
and Coward [1924, 1], and 10 cc. of the light petroleum solution, now presenting 
a strong pinkish yellow appearance, were used. 

Chromatograph of pigment. As soon as the pigment entered the chalk, 
three separate bands appeared: (a) a wide yellow band; (6) a sharp yellow 
band, rather more pink than (a); (c) a diffuse yellow band at top; but on 
further washing with light petroleum all three bands travelled downwards 
and out of the tube, thus confirming the phase test, as the slightest trace of 
xanthophyll should have persisted as a sharp band in the chalk, even after 
repeated washing. Fractional filtration through the chalk was now adopted. 
25 cc. of the light petroleum solution of the pigment were allowed to pass 
slowly through the column, and thus divided into 2 ce. fractions, each being 
examined spectroscopically. 
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Fraction Band I Band ITI Band IIT 
I 509-489 478-458 446-— 
II 508-490 476-458 446-432 
III 510-491 475-457 447-435 
IV 509-490 477-457 447-435 
V 509-489 477-459 447-435 
VI 490-475 466-451 448-435 
VII 490-474 458-439 -—— 
—- 466-451 -— 
— 456-440 = 
VIII 490-476 456-440 - 
IX 492-475 453-440 a 
x 492-475 453-440 —_— 
XI 491-477 458-441 — 


Width of slit 0-08 mm. throughout. 


If fractions VI and VII are discarded as mixtures, these figures seem fairly 
clear evidence that the pigment is a mixture of lycopin and carotene. Com- 
pared with results of other observers, the separation seems satisfactory. 


Lipochrome Band I Band II Band III Observer 
* Lycopin 509-490 477-458 447-435 Average fractions I to V above 
¥ 509-492 479-461 447-435 Coward [1924, 1] 
vs 507-490 476-457 443-433 ad * 
ab 510-499 480-468 440 to end Willstatter and Escher [1910] 
Carotene 491-476 456-440 — Average VIII to XI above 
‘a 489-471 456-441 — Coward [1924, 1] 
— 492-475 460-445 — Tswett [1911] 
99 488-470 456-438 Willstatter and. Mieg [1907] 


9 490-475 455-445 430 to end Kohl [1902] 


Large quantities of the organism were then grown, saponified and ex- 
tracted as above, and an attempt made to get crystal formation by approxi- 
mately separating the lycopin and carotene by means of the chalk column, 
evaporating each solution to dryness in an atmosphere of nitrogen and re- 
dissolving each residue in alcohol to which a little CS, had been added, or in 
light petroleum. 

(a) Crystals closely resembling lycopin were obtained on two occasions, 
once from alcohol and CS,, as clusters of needles growing longer on keeping 
in the dark, and once from light petroleum, as jong prisms with fish-tail 
ends [cf. Willstatter and Escher, 1910, Fig. 5). 

(b) The solution of carotene was much less concentrated than that of 
lycopin, and so far no crystals have been obtained. 

Since lipochromes were being formed continuously by these lower plant 
cells, it was decided to study the effect of conditions of growth on pigment 
formation. Numerous agar slopes were prepared from the same sample of 
broth, and then inoculated from the same parent culture. 


I. Light. 


(a) 24 slopes in ordinary test-tubes incubated at 22°. 

(b) 24 slopes in black test-tubes with a close-fitting dark cap over the 
cotton-plug, but allowing free access to the air, incubated at 22°. 

The growth and pigmentation per slope appeared constant throughout, 
diffuse daylight apparently being quite without effect; next an attempt was 
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made to compare more accurately the ratio of pigment formed per gram of 
organism in the dark with that in the light. Roux bottles were used and the 
amount of growth per bottle in a given time was approximately the same in 
the two cases. The temperature throughout was 20°. As more flasks were 
used for the dark experiment, the results will be expressed as three fractions 
as follows: 





(1) Total weight of growth in flasks in light 4-68 0-40: 
'Yotal weight of growth in flasks in dark 11-3 P 








(2) Weight of unsaponified matter from material in light flasks _ 0-041 __ 0-35: 
Weight of unsaponified matter from material in dark flasks 0-117 ~~” 


(3) By Hellige colorimeter. 


Amount of pigment from material in light flasks 26 0-40 


Amount of pigment from material in dark flasks 65 
For (2) and (3) the organisms were saponified with aqueous potash and ex- 
tracted as for chromatograph work. 

Considering the experimental difficulties and the number of processes 
involved, one may consider the above figures in good agreement. 

In all these experiments diffuse daylight was used; but when cultures of 
Sarcina aurantiaca were exposed to direct sunlight, growth was poor and no 
colour developed [cf. Hefferan, 1904]. Even old cultures which appeared dense 
yellow in colour became bleached if placed near a window where the sun 
could shine on them. Two thicknesses of glass seemed to afford no protection; 
however, on sub-culturing and removing from the strong light the new growths 
developed pigment as usual. 


II. Temperature. 


(1) 24slopes in ordinary test-tubes incubated at 37°. 
(2) 24 ,, i. a 4 20°. 
(3) 24 ,, black ss 9 37°. 
(4) 24 ,, i “ » 20°. 


At the lower temperature (sets (2) and (4)) growth was much more vigorous 
than at 37°, but pigment formation per milligram growth was equal in the 
four cases. 

III. Hydrogen-ion concentration. 

Trypsin agar of varied p, used throughout. 

Temperature 20°. 

6 test-tubes on trypsin agar pg =5 no growth 


6 ” ~ Py = 6 good healthy growth, porcelain-like 
surface, orange colour 

6 9 > Puo=7 % ” 

6 - si Pu =8 _ good healthy growth, porcelain-like 


surface, colour not so deep. 
Initial growth seemed slightly more vigorous on the neutral agar (py = 7), 
but the total growth and pigmentation after ten days was the same in the 
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tubes at py = 6, 7 and 8. More accurately graded tubes were used to show 
the upper and lower limits for growth and pigmentation, the py being de- 
termined by Mrs Kerridge with the glass electrode [Kerridge, 1925]. 


Pigment appeared even with the slightest growth. 
Lowest limit for active growth: py = 5-30. 
Maximum growth: Pu = 7-15. 
Highest limit for active growth: py = 9-43. 

B. SvREPTOTHRIX CORALLINUS. 

This organism [Reader, 1925] presents a brilliant coral colour when grown 
at room temperature on agar plates. It was chosen as an example of the 
higher bacteria, as it was thought that conditions might be different in these 
organisms from those in a Sarcina. The technique used was exactly the same 
as described above for the Sarcina. The general lipochrome reactions all gave 
positive results, and the alcoholic solution appeared to resemble a lycopin 
solution closely. It was slightly more difficult to extract than the pigment 
of Sarcina aurantiaca, but previous grinding of the organisms in a mortar with 
a little kieselguhr overcame this difficulty. When preparing the solution for 
the chromatograph it was noticed that the light petroleum solution had not 
the pinkish appearance of the alcohol or ether solutions. 

Chromatograph. (a) One thin sharp layer travelled slowly down the tube, 
became irregular and stationary. (b) One dense wide band 0-2 inch in depth 
stayed at the top. On washing with light petroleum it widened very slightly 
but neither divided nor moved downwards. 

The material in fraction (a) was dissolved out in ether, but the faintly 
yellow sojution was too weak for spectroscopic examination. Fraction ()) 
was dissolved out in ether, and evaporated down slightly. On spectroscopic 
examination this solution showed two well-marked absorption bands. 


Band I Band IT 

Strong 509-485 465-455 
505-485 465-453 

508-486 465-454 

Weaker 505-485 466-454 
507-485 467-455 


Width of slit 0-08 mm. throughout. 


Neither light petroleum of B.p. 40-60°, nor of B.P. 60—80°, caused this 
pigment to be washed through the chalk column as lycopin would be. 

As it was possible that the position of the bands had been shifted some- 
what as a result of the saponification, the following comparisons were made: 


Band I Band IT 
Direct extraction with hot alcohol 508-485 466-453 
507-485 465-454 
After saponification 508-485 456-453 
508-485 465-453 


& 


A few flasks seemed to have a yellow rather than coral appearance. 
However, since the extracted pigment from these gave the same absorption 
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bands, probably the effect was due to quantitative rather than qualitative 
differences. 


Band I Band II 
507-482 465-451 
508-483 466-454 


All attempts to divide this pigment into two parts by fractional filtration, 
even into as many as ten fractions, were unsuccessful. Hence it was decided 
that it must be another lipochrome, the absorption spectrum of which had 
not been previously recorded. The suggested name is ‘ 

The formation of pigment under different conditions was studied and has 
been reported in detail in another paper [Reader, 1925]. The agar slopes 
were prepared as for Sarcina aurantiaca and arranged in sets as before. It 
was observed that the cultures at a low temperature (20°) were highly pig- 
mented both in the light and in the dark, but that even after six weeks no 
pigment had been formed at 37°. A second series more accurately graded 
showed that maximum coloration appeared at 18°, and that above 27° only 
traces of colour could be found. Growth was vigorous from 22° to 37°. 

Slides were made regularly from every set and stained by Gram’s stain. 
It soon became apparent that the development of pigment was parallel with 
the segmentation of the bacilli or rods. This is only the case when a broth 
or other complete medium is used. In synthetic medium (inorganic salts 
+ glucose) there is no pigmentation even at 18°. When trypsin broth or agar 

is inoculated with this organism, both the segmentation and the development 
of pigment depend on the temperature, as above 27° the growth is rapid, 


‘coralin.”’ 


filamentous, and colourless. 
Direct sunlight did not have the effect of decoloration on this organism. 


PRESENCE OF VITAMIN A IN THESE PIGMENTED ORGANISMS. 


Considerable quantities of these organisms were grown in Roux bottles, 
saponified with alcoholic potash for 3 hours, extracted with ether, washed 
with boiled water, dried over sodium sulphate and evaporated nearly to dry- 
ness, the whole process being as far as possible carried out in an atmosphere 
of nitrogen. The unsaponifiable matter was mixed with medicinal paraffin 
in order to feed it in varying doses to rats which had become steady in weight 
on a vitamin A deficiency diet. No growth of the rats was obtained; also the 
colour tests for vitamin A [Rosenheim and Drummond, 1925] were negative. 
In the case of Streptothrix corallinus all the usual tests (Salkowski’s reaction, 
Liebermann’s reaction, Tschugaieff’s reaction, Neuberg’s reaction, etc.) for 
cholesterol and related compounds were negative. In the light of the recent 
work of Steenbock [1925] and of Drummond and Coward [1925] on the 
formation of the antirachitic factor by exposing cholesterol to ultra-violet 
light, this is interesting. The extract from Sarcina aurantiaca, however, gave 
good sterol reactions. 

In a recent publication Luce and MacLean [1925] claimed that the presence 
of traces of vitamin A in ordinary yeast could be proved if large enough doses 
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of unsaponifiable matter were fed to vitamin A-deficient rats. In this con- 
nection one interesting fact has been noted in my preliminary extractions of 
unsaponifiable matter of large cultures of yeast. A concentrated solution of 
this extract was yellow in colour and gave definite carotene absorption bands 
when examined spectroscopically in both chloroform and ether solutions. 
Observations in these solvents by Kohl and by Coward are recorded for 


comparison. 


Solvent Band I Band IT Observer 
Chloroform 505-480 465-450 Kohl [1902] 
os 505-480 465-450 Reader 
zs 506-483 465-450 = 
cs 506-483 465-450 s 
Ether 490-475 455-445 Kohl [1902] 
ee 491-476 456-440 Reader 
489-471 456-441 Coward [1924] 


” 


This unsaponifiable matter from yeast does not give the vitamin A colour 
tests with dimethyl sulphate, arsenic trichloride or trichloroacetic acid (50°% 
solution in chloroform), so possibly it is only the antirachitic factor which is 
formed, for Steenbock [1925] has shown that this factor is frequently found 
in the absence of the growth-promoting fat-soluble vitamin. Using two 
methods of testing for the presence of antirachitic activation, viz. (a) the 
induction of growth and calcification in the rat during phosphate inhibition 
and (b) the cure of rickets produced by deficient phosphate and excess of 
calcium in the diet, he found that a large number of naturally occurring 
materials can be activated antirachitically by exposure to ultraviolet light. 
Among these are yeast, commercial casein, ox bile, lanolin and grains, and 
their commercial products such as starch, meals, flours, breakfast foods and 
oils. 

SumMMaARY. 

(1) Sarcina aurantiaca contains two lipochromes, carotene and lycopin, 
the latter predominating. 

(2) Streptothriz corallinus contains one lipochrome, apparently distinct 
from the well-known ones, for which the name “coralin” is suggested. 

(3) Neither of these organisms forms appreciable quantities of vitamin A, 
even under the most favourable conditions as regards growth and pigment 
formation. 

(4) Yeast contains traces of carotene. 

(5) Some of the higher bacteria, e.g. Streptothrix corallinus, appear to 
contain no cholesterols or phytosterols. 


The author wishes to acknowledge her indebtedness and gratitude to 
Dr K. H. Coward and Prof. J. C. Drummond for helpful suggestions and 


criticism. 
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Errorts to isolate and to determine the nature of the substance known as 
vitamin A received a great impetus when it was definitely established that 
the compound may be concentrated into that part of such substances as 
cod-liver oil which resists saponification [Steenbock and Boutwell, 1920; 
Drummond and Coward, 1921]. Owing to the instability of the vitamin in 
the presence of substances tending to produce oxidation it is usually necessary, 
if loss is to be prevented, to carry out the saponification and extraction in 
an atmosphere of an inert gas such as nitrogen. When this precaution is 
taken, it is a comparatively simple matter to concentrate with little or no 
appreciable loss the vitamin A present in a litre of cod-liver oil into the 
8 or 9g. of unsaponifiable matter that this yields. Furthermore it has been 
demonstrated that this preparation also contains the whole of the anti- 
rachitic vitamin, or vitamin D, of the raw oil [Zucker, Pappenheimer and 
Barnett, 1922; Zucker, 1922]. The value of concentrating these physiologi- 
cally important substances may be appreciated from two standpoints. In 
the first place it is obvious that there is a definite, if limited, need in clinical 
medicine for a preparation containing in highly concentrated form the com- 
ponents of the oil that are responsible for its therapeutic action; indeed, at 
least two patents have been taken out and are being operated for the technical 
preparation of such material for medicinal use. On the other hand the 
possession of a concentrated fraction, obtainable in reasonably large amounts, 
provides some encouragement for the attempt to isolate the active con- 
stituents. 

During the last five years we have been concentrating our efforts in this 
field, without, we regret to say, any success worthy of note. Our reasons for 


1 As far back as 1914 McCollum and Davis reported that the growth-promoting vitamin in 
butter fat withstood saponification [1914]; although later work has shown this to be true, the 
results of their experiments could not be claimed as being conclusive evidence on this point. 
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publishing what is admittedly an incomplete study are two: in the first place, 
we feel that unless very much larger quantities of raw material (unsaponifiable 
matter) are available than we have hitherto possessed, the technique by which 
we have attacked the problem in the past is quite inadequate to carry us 
much further than we have already gone. Secondly, we desire to give our 
reasons for challenging a number of claims that have recently been advanced, 
in particular those of Takahashi [1922, 1923, 1925] and his colleagues, to have 
isolated vitamin A in pure condition. 


PREPARATION OF THE UNSAPONIFIABLE MATTER FOR THE 
STUDY OF VITAMIN A. 

The preparation of the concentrate which has been used by us as the 
raw material for our fractionations scarcely needs full description now since 
several processes have been given in detail, either in papers or patent specifi- 
cations, by other investigators. Several points may, however, be emphasised 
as possibly being of help to others wishing to repeat this work. In these 
studies simple saponification of the cod-liver oil with potassium hydroxide 
in alcohol has been exclusively employed. As a second saponification is 
always necessary it is preferable to make the initial treatment with alkali as 
short as possible, in order to minimise both inactivation of the vitamin and 
formation of resinous material from the reagents. The oil is slowly poured with 
vigorous stirring into the hot solution of the alkali in alcohol; a 10 % excess 
over the theoretical quantity of potassium hydroxide being ample. When 
all the oil! has been added, the mixture is heated to boiling for about 30 
minutes, cooled, diluted with 10 volumes of water, and the unsaponifiable 
matter extracted with ether. An examination of the product yielded by this 
initial saponification reveals the fact that practically always a considerable 
proportion of matter still present can be hydrolysed. It is therefore advisable 
to submit it to a second saponification, for which it has been found preferable 
to employ sodium ethylate. It is important that a stream of nitrogen should 
be passed through the apparatus while this saponification is in progress, for 
it has been our experience to find that considerable loss of vitamin A may 
take place at this stage of its extraction, unless great care be taken to prevent 
contact with air. It is scarcely ever necessary to resort to a third treatment 
with alkali, the action of the sodium ethylate being sufficient not only to 
resolve the glycerides which have survived the initial process, but to hydrolyse 
the fatty acid esters of cholesterol and other higher alcohols present. 

The importance of obtaining a product entirely free from esters is con- 
siderable if it is desired to submit it to fractional distillation, for we have 


1 In our earlier investigations we employed a pale Norwegian oil of high technical quality. 
Later, as the result of other investigations [Zilva and Drummond, 1923], we found that the 
vitamin A value of oils from Newfoundland is usually many times greater than that of Norwegian 
oils from the Lofoten area, and, accordingly, we employed as far as possible oils from the 
Dominion as our raw material. We are indebted to Mr W. A. Munn and Mr Davies of St John’s, 
Newfoundland, for supplies of oils from this source. 
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observed that the presence of small amounts of such substances tends to give 
rise to more decomposition during the distillation at low pressures than is 
desirable. No material was employed by us for further treatment until a 
test carried out on a small sample showed that saponification had been com- 
plete. There appears no doubt that the method of saponification employed 
by Zucker [1922], and by Takahashi [1922], in which a large proportion of 
the fatty acids are removed in the form of the relatively insoluble calcium or 
barium soaps is more advantageous than the rather tedious process we adopted, 
although the yield of unsaponifiable matter appears to be slightly larger in 
our case. We have found ethyl ether to be the most convenient solvent for 
the extraction of the unsaponifiable matter from the alkaline solutions of the 
soaps, but its suitability as an agent of extraction is lessened to some extent 
by the difficulty of obtaining it pure in large quantities. The problem of ex- 
tracting the active material from the products of hydrolysis of some hundred- 
weights of cod-liver oil is not an easy one, even when the laboratory is equipped 
with small scale “plant,” and the choice of an extracting agent is particularly 
difficult. The employment of ether may lead to a variety of troubles, of which 
the accumulation of the less volatile impurities usually present in the solvent 
—mainly mixed ketones of the type of methylpropyl ketone—in the final 
product is less disturbing than loss of material and damage caused by an 
explosion due to the accumulation of so-called “ether peroxide.” Some ex- 
perience of these troubles has led us to investigate a number of other solvents, 
particularly the inert hydrocarbons, but the latter tend to give rise to trouble- 
some emulsions, and we have not yet found a solvent satisfying our require- 
ments. Meanwhile we have continued to employ ether. The yield of material 
obtained from the initial hydrolysis of ordinary samples of cod-liver oil is 
usually from 1-5-2 %, and this is reduced by further saponification to about 
0-8 %. The product is a semi-solid crystalline mass with a waxy appearance 
and varying in colour from pale golden yellow to deep orange according to 
the colour of the original oil. A brown or brownish red colour usually indicates 
that the production of resin during the saponification has been unnecessarily 
great. The crystalline appearance can readily be recognised as being due to 
flat prisms of cholesterol. Tested for the presence of vitamin A either by 
feeding tests with rats or by means of the colour reactions recently described 
[Rosenheim and Drummond, 1925] this preparation, if made and stored with 
due precautions against oxidation, is found to be equivalent to the oil from 
which it was extracted. 


CHEMICAL EXAMINATION OF THE UNSAPONIFIABLE FRACTION 
OF COD-LIVER OIL. 


* Iodine and Nitrogen. 
An examination of the unsaponifiable matter revealed that the consti- 
tuents were entirely organic in nature, and that the only recognisable elements 
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present were carbon, hydrogen, and oxygen. Very careful tests were made 
to detect any trace of iodine or nitrogen, because of the still lingering theories 
that these elements are connected with the physiological activity of the oil. 
Nearly a century ago Hupfer de l’Orme [1836] first detected the presence of 
iodine in cod-liver oil and suggested that the therapeutic action was due to 
traces of that element. At first the theory was coldly received and even the 
presence of iodine was doubted [Gmelin, 1837; Potemka, Martius and Sarphati, 
1838], but when it had been established definitely that this halogen was 
usually present in the oils then on the market [Springmiill, 1837; Gmelin, 
1838; Bennett, 1841], the theory became widely accepted. Indeed it was 
almost generally held until Williams [1912, 1913] pointed out that the thera- 
peutic action of cod-liver oil is unrelated to its iodine content and suggested 
as an alternative theory that it is probably due to the readiness with which 
the highly unsaturated fatty acids present in cod-liver oil might conceivably 
be assimilated by the organism. Until recent years, the fatty acid theory and 
the iodine theory may be said to have shared popularity. The demonstration 
that the therapeutic action of cod-liver oil can be transferred to the un- 
saponifiable fraction and that the fatty acids themselves are without action 
[Drummond, 1919] rendered the former hypothesis no longer tenable. The 
iodine theory survived, however, because it was possible that the active com- 
plex containing iodine might be concentrated into the unsaponifiable matter, 
until it was shown that there are no detectable traces of the halogens in the 
active fractions [Drummond and Coward, 1922]. This we have many times 
confirmed ourselves, and it has been established also by an independent 
test kindly carried out for us by Dr Harington on a relatively large quantity 
of a highly active product. In view of these observations, as well as of the 
fact that the medicinal value of cod-liver oil cannot, as far as our experience 
goes, be correlated with its iodine content, we feel that there are no adequate 
reasons for the recent suggestions that it may be necessary to revive the 
iodine theory. The absence of all traces of nitrogen from the unsaponifiable 
fraction, when carefully prepared, demonstrates that the substances respon- 
sible for the therapeutic action of the cod-liver oil do not contain this element. 
The work of Funk [1915, 1916] in which processes are described for the isola- 
tion of vitamins from cod-liver oil, may be dismissed because the methods 
could only be concerned with the extraction of substances of the type of nitro- 
genous bases. This investigator must however, be given credit for being the 
first to recognise that the curative value of cod-liver oil in rickets and wasting 
diseases is probably due to one of the substances then so recently discovered 
by Hopkins [Funk, 1914]. 


Cholesterol. 
As far back as 1886 Salkowski recognised the presence of cholesterol and 
of a lipochrome, not carotene, in the unsaponifiable fraction of cod-liver oil 
[1886]. He proved the identity of the cholesterol satisfactorily and showed 
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that the slight laevo-rotation exhibited by cod-liver oils can be accounted 
for by the presence of this substance. His observations have been confirmed 
by us. It has been shown previously [Drummond and Coward, 1922] that the 
cholesterol may be quantitatively removed by crystallisation and precipita- 
tion with digitonin without removing vitamin A, and this observation has 
been confirmed many times by ourselves and by other observers [Takahashi 
and Kawakami, 1923]. 


Removal of Cholesterol. 


Estimations of cholesterol by the digitonin method in a large number of 
samples of unsaponifiable matter from cod-liver oil give values ranging from 
47-8 to 50-9 %. The majority of values are close to 50 %. The removal of 
this constituent is best effected in our opinion by the following process. The 
weighed material is treated with twice its weight of boiling methyl alcohol, 
nitrogen being bubbled through the solution, and the orange yellow liquid is 
then cooled in ice. Approximately 90 % of the cholesterol present separates 
and may be removed by filtration, preferably conducted in an atmosphere of 
nitrogen.) After repeated crystallisation from alcohol, acetone and light 
petroleum, the cholesterol shows m.p. 148-5-149° (corr.), and gives acetate, 
M.P. 114-3°, benzoate, M.P. 145°; and has [a], — 40°. It is inadvisable to 
cool the liquid much below zero in separating the cholesterol because other 
constituents tend to crystallise out at lower temperatures. The removal of 
the residual cholesterol can only be satisfactorily carried out by the method 
of precipitation with digitonin introduced by Windaus. The great expense 
of this reagent and the difficulty of obtaining it in quantity have proved the 
main factors limiting our studies. The mother liquors from the crystallisation 
of the cholesterol are evaporated at low pressure to remove the methyl 
alcohol, and any further cholesterol separating during the concentration is 
removed; if the cooling of the original solution has been prolonged, there is 
usually little or no further separation. For the preparation of material for 
therapeutic use, it is, of course, unnecessary to remove the cholesterol entirely, 
and the examination of several products at present on the market has shown 
that only the preliminary separation by crystallisation from a suitable solvent 
has been employed. Such preparations usually contain from 5 to 9 %, chole- 
sterol. The removal of the remaining cholesterol is carried out by dissolving 
the material in four volumes of 95 % alcohol and adding the necessary excess 
of a 1 % solution of crystalline digitonin (Merck) in boiling 90 % alcohol; 
the solution is maintained just below boiling point while a slow current of 
nitrogen is passed continuously through it. After tests have shown that the 
precipitation of the cholesterol digitonide is complete, the mixture is allowed 
to stand overnight at room temperature, and the digitonide is removed on 
the following morning by filtration. The precipitate must be thoroughly 
washed with 95 % alcohol and finally with a little ether. The filtrate with 
the added washings is evaporated at low temperature and pressure to remove 
66 
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the solvents, the residue dissolved in ether, and the small excess of digitonin 
washed out by repeatedly shaking the ethereal solution with water in an 
atmosphere of nitrogen. Finally the ethereal solution is separated and dried 
with anhydrous sodium sulphate and the solvent removed at low pressure. 
The product thus obtained is a deep reddish orange oil possessing the charac- 
teristic smell of the original unsaponifiable fraction. If it is carefully prepared 
it shows a vitamin A value proportionate to the cod-liver oil from which it 
was prepared. The cholesterol, whether prepared by purification of the 
material separating from the methyl alcohol solution, or from the digitonide 
by decomposition with hot xylene vapour in an inert atmosphere, shows no 
physiological activity. This confirms our earlier observations on the inactivity 
of pure cholesterol from other sources, e.g. brain [Drummond, 1919]. 


Fractionation of the Cholesterol-free Residue. 


A superficial examination of the viscous oil which remained after chole- 
sterol had been removed suggested that it was to a large extent composed of 
substances of the nature of unsaturated alcohols. Accordingly, efforts were 
made to separate the constituents by means of fractional distillation. A brief 
outline of our earlier results was communicated to the Biochemical Society 
at the meeting on May 10th, 1924 [Drummond and Coward, 1924], in which 
it was shown that vitamin A is volatile in superheated steam at 115—125°, 
and that by fractional distillation at low pressure it could be concentrated in 
a fraction boiling at about 250° (3-4 mm.). 


Distillation in Superheated Steam. 


As a method of effecting any further concentration of vitamin A we soon 
abandoned this method, for not only is it very tedious, but it effects no 
separation of the constituents other than the removal of the non-volatile 
resins derived from the saponification. The distillation must be carried out 
in an atmosphere of nitrogen a rapid stream of which must sweep through 
the apparatus before distillation commences, as well as throughout the ex- 
periment. The superheated steam slowly carries over the volatile constituents 
of the oil, the distillate condensing as an emulsion of semi-solid consistency. 
To avoid temporary blocking of tubes by the firm candle-like emulsion it is 
advisable to fit the apparatus with a small inlet tap, whereby drops of ether 
can be allowed slowly to fall into the upper part of the condenser during the 
distillation. By this means the emulsion is broken down so that distillation 
proceeds without any interference. The process is very slow indeed, and it 
requires many hours to distil over 10-20 g. of the oil. The distillate, after 
separation from water, is a pale lemon yellow coloured oil possessing the 
characteristic terpene-like smell of the original material. It gives in un- 
diminished intensity the colour reactions to which reference has been made, 
and on administration to rats proves as potent a source of vitamin A as the 
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equivalent amount of original oil or unsaponifiable matter. The yield of active 
distillate corresponds to from 0-3 to 0-4 % of the original oil. The distillation 
residue, after dehydration, is a dark brown, amber-like gum, corresponding 
in weight to about 0-05 % of the original oil. It gives no response to the 
colour reactions, and is inactive when tested on animals. 


Distillation of the Cholesterol-free Fraction under reduced pressure. 


During the course of this work a large number of fractional distillations 
of the cholesterol-free fraction of the unsaponifiable matter from cod-liver 
oil have been carried out. The earlier experiments indicated that to effect 
any sort of separation of the constituents by this means would be no simple 
matter, primarily because the range of temperatures over which the frac- 
tionation is conducted is short. Therefore it was necessary to distil a reasonably 
large volume of liquid, to employ a fractionating column of suitable design 
and length, and carefully to maintain control of the temperature difference 
between the boiling and distilling fluid. With these precautions, and a series 
of refractionations, it was hoped to separate the chief constituents in a state 
sufficiently pure to enable one to determine their nature. Unfortunately, 
the work throughout has been hampered by the great difficulty of obtaining 
sufficient material to enable a satisfactory fractionation to be performed. In 
the earlier investigations quantities of from 20 to 50 g. of the cholesterol-free 
oil were frequently distilled. These preliminary trials, unsatisfactory as they 
were, gave us some indication of the results we might expect on a large scale 
experiment. Working at pressures of from 2-4 mm. we usually collected the 
distillate in four fractions [Drummond and Coward, 1924]. 

I. A very small fraction of a clear colourless liquid distilling over the 
range 40-70° (4mm.). II. A clear, slightly yellow oil collected between 
180-220° (3 mm.). III. A clear, pale yellow oil 220-260° (3mm.). IV. A 
heavy, golden yellow oil 260-300° (3 mm.). The residue remaining behind 
in the flask was a very heavy reddish brown oil showing a marked green 
fluorescence. On cooling, it solidified to an amber-like resin. Of the volatile 
fractions, we have ignored the first on the ground that it is almost certainly 
derived from the ether used in the extraction. Owing to the small amount 
that has been available we have not succeeded in identifying it. It usually 
possessed an iodine value of the order of 20, indicating a saturated compound 
contaminated with traces of the unsaturated compounds in the higher fraction. 
Its odour resembled that of the higher ketones. Attempts to prepare a crystal- 
line derivative failed. It had no effect on growth. Indirect light on its nature 
was obtained during some experiments on the reduction of certain fractions 
from the unsaponifiable matter with hydrogen in the presence of catalytic 
nickel. In these experithents a liquid of relatively low boiling point distilled 
over from the hydrogenation vessel. Its smell closely resembled that of octyl 
alcohol, and as far as the small amount available permitted us to establish 
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its identity the belief that it was one of the octyl alcohols was confirmed!. 
Our earlier studies of the substances present in the other fractions II, III and 
IV, led us to believe that they were largely composed of unsaturated alcohols 
[Drummond and Coward, 1924; Drummond, 1924], but the amounts obtained 
were quite inadequate to enable us to determine their nature. A few details 
may be given of a typical distillation of this type. 69g. of unsaponifiable 
matter—representing about 10 litres of a light coloured Lofoten oil—yielded 
a total of 33 g. of cholesterol and just over 30 g. of the orange coloured oil. 
This was separated from resins by distillation in a current of superheated 
steam and nitrogen, and yielded 25 g. of a clear, pale yellow oil. On distilla- 
tion at 3 mm. pressure this oil yielded the following fractions: 


(a) 100° sé se 0-20 g. 
(6) 100-1? ws il (| 8 
(c) 180°-230° oes se 8-29 
(d) 230°-240° ... ... 1-40 
(ce) 240°-260° ... ... 6-23 
(f) 260°-300°... x 1-73 
Undistilled residue ca. ay 3°D 





22-55 g. 

It must be stated, however, that on many occasions the rate of distillation 
from 180° to 300° was steady. In the experiment described it was only 
possible to attempt redistillations of fractions (c) and (e), and these yielded 
respectively 5g. of a clear lemon-yellow coloured oil boiling between 200° 
and 220°, and 3 g. of a darker yellow oil boiling at 250—260° at 2-3 mm. 


Vitamin A Content of Fractions. 


The fractions (b)-(f ), as well as the undistilled residue, were tested for 
vitamin A by feeding tests. These indicated that vitamin A passed over 
mainly between 180-220°, at 2-3mm. These experiments conclusively 
proved that the vitamin is volatile at these temperatures (3 mm.), and that 
very little loss of activity takes place during the operation”. It may be said, 
in passing, that throughout this research we have noted a perfect agreement 
between the intensity of the coiours yielded by the fractions on applying the 
sulphuric acid test [Drummond and Watson, 1922] or the later substitutes for 
that test [Rosenheim and Drummond, 1925] and the activity of the fractions 
as determined by feeding experiments on rats. 


1 The occurrence of impurities, mainly mixed ketones, derived from the ether has been a 
frequent source of trouble to us. We first fully appreciated its disturbing effect when engaged 
in the fractionation of a large batch of unsaponifiable matter. During the extraction of this 
material we concentrated in our product the less volatile of the impurities of approximately 
200 |. of ether. At later stages in the separation of the active fractions we obtained a total of 
nearly 50 cc. of mixed ether impurities. Fractionation of this material yielded four main frac- 
tions, all possessing the typical smell of the higher ketones. The presence of ethylmethyl ketone, 
B.P. 81°, diethyl ketone, B.p. 102°, and another ketone, B.P. 130°, was indicated by an examination 


of these fractions. 

* Curiously, we have experienced rather serious losses of activity during the refractionation 
of the initial fractions, in spite of all attempts to conduct the later distillations with as great, or 
even greater, care. As yet we have no satisfactory explanation of this occurrence. 
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Preliminary Chemical Examination of Main Fractions (c) and (e). 

Although it was obvious that the redistilled fractions (c) and (e) were 
probably impure, they were submitted to a superficial examination in order 
to ascertain something of their nature. The results of this examination 
indicated, as we had expected, that the chief constituents were unsaturated 
alcohols. Thus the averages for a number of determinations of the iodine 
value on various samples of each product were: (c) 110, (e) 130. The 
corresponding acetyl values were (c) 170, (e) 164, and the approximate mole- 
cular weights, (c) 320, (e) 350; neither fraction was optically active. With 
the sure knowledge that our products were impure, it was obviously unsafe 
to attach more importance to these data than merely regarding them as indi- 
cations that unsaturated alcohols probably formed a considerable proportion. 
Certainly it would have been absolutely unjustifiable to regard either one of 
these preparations as the vitamin A in even approximately pure condition. 


Detection of an Unsaturated Hydrocarbon in Cod-liver Oil. 


In the preliminary study of these fractions it was ascertained that on 
treatment with an excess of bromine in anhydrous ether solution a slow 
deposition of a heavy white microcrystalline compound occurred. The manner 
in which this substance was precipitated and its general appearance suggested 
a similarity to the ether-insoluble dodecabromide of the curious unsaturated 
hydrocarbon that has been found in liver oils from other species of fish. This 
hydrocarbon has been termed squalene by Tsujimoto [1916, 1920] and given 
the formula C,,H;,, whereas Chapman [1917, 1918, 1923] believes it to be 
represented by C,,H,, and calls it spinacene. The bromide from the cod-liver 
oil fractions is almost insoluble in dry ether (0°11 % at room temperature), 
and may be recrystallised in a rather unsatisfactory manner by dissolving in 
tetrachloroethane, in which it is fairly soluble, filtering and reprecipitating 
by the addition of alcohol or dry ether. There remains little doubt that the 
bromide prepared from the cod-liver oil fraction is identical with the bromide 
of spinacene C;)H;,Br,.. Estimations of bromine by Carius’ method gave 
values of 68-57 %, as compared with 70-07 % required for the formula 
CyoH9Br,2, or 70-80 % required for C.gH,,Br,.'. It shows no definite melting 
point, but on heating darkens at about 160°, and decomposes without sharp 
melting at 180-190°. The presence of spinacene in our fractions was con- 
firmed by the preparation of the typical hexahydrochloride by passing dry 
hydrochloric acid through the solution of the substance in dry ether or dry 
ethyl alcohol until it is saturated. All our fractions yielded a precipitate of 
the characteristic crystalline hydrochloride, which can be readily obtained in 
a pure condition by recrystallisation from acetone. A large number of pre- 
parations from our fractions showed close resemblance to the hydrochloride 
prepared from specimens of pure spinacene kindly provided by Mr Chaston 
Chapman, F.R.S. Melting point varies from 110-125°, chlorine content 33-70, 

1 Owing to the difficulty of purifying the bromide we have failed to get figures for the 
bromine content close to the theoretical, even when analysing the product prepared from pure 


spinacene. 
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33°52 %. Calculated for C,,H;,.Cl,, 33-86 %; CyyH5Cl,; 34-63 %1. The de- 
tection of spinacene in all our fractions, and our inability to separate it from 
the other components by refractionations, impressed us with the difficulties 
which faced us in our efforts to determine the nature of the vitamin A. In- 
direct evidence that this hydrocarbon was not responsible for the effect on 
growth was provided by the fact that the fractions of highest boiling point 
tended to be richest in spinacene, but of relatively low vitamin value. Direct 
tests on a sample of unsaponifiable matter containing approximately 85 ° of 
spinacene, for which we are indebted to Mr Chapman, as well as on a pure 
specimen made by us from the liver oil of Spinax niger, confirmed this view. 
Spinacene yields no response to the colour reactions we have referred to. 


Separation of a Solid Saturated Alcohol (Batyl alcohol ?). 

It was observed that a small amount of a crystalline substance separated 
from the fractions of higher boiling point on standing for several days. On 
removing the crystals and recrystallising from acetone or methyl alcohol, a 
very small amount of a clear white product was obtained. There was just 
sufficient material to serve for a feeding test on two rats, which demonstrated 
its inactivity. The substance melted at 60°, was saturated, and was, we think, 
the same substance as is described below. 

A solid substance closely resembling the product from cod-liver oil was 
isolated from the liver oil of Spinax niger. The unsaponifiable matter re- 
presents some 80 °% of this oil and is almost entirely composed of spinacene. 
Purification of the spinacene by treatment with methyl alcohol, in which 
it is very slightly soluble at 0°, yields a fraction of more soluble material 
from which the crystalline substance separates in appreciable amounts. On 
recrystallisation from methyl alcohol we have obtained a preparation with 
a melting point as high as 65°. The Japanese investigators give the melting 
point of batyl alcohol as 69°. The crystalline form resembles that of the 
compound obtained from cod-liver oil?. 

Further manipulation of our fractions gave no satisfaction. We were quite 
unable owing to the very small amount of material available to isolate any 
other substances or their derivatives in the pure condition. 

A consideration of our progress up to this point made us realise that only 
two paths were open by which further advances could be made. One would 
be to repeat our previous work on a much larger scale, hoping thereby to 
obtain fractions suitable for repeated refractionation, whereas the other would 
be to gather indirect evidence as to the nature of vitamin A by the examina- 
tion of the unsaponifiable material in certain other fish-liver oils. Both these 
paths have been traversed during the last two years with, we fear, indifferent 
success. 


1 The melJting point of the hydrochloride is uncertain. 


tepeated recrystallisation from hot 
solvents causes a diminution in chlorine content. The substance twice recrystallised from hot 
acetone usually melts about 115°. 
72-29 %; H_12-48 %. 


/O> 


2 Four analyses of the solid alcohol gave figures close to the averages of C 7 
Baty] alcohol, if it possesses the formula C.,H4 90, requires C 72-7 %; H 12-7 %. 
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Large Scale Fractionation of Unsaponifiable Material from Cod-liver Oil. 

We originally intended to prepare material for this study by saponifying 
a large quantity of cod-liver oil on a small technical scale. Mr E. R. Bolton, 
of Technical Research Works, Ltd., undertook to prepare material in his 
experimental plant according to our directions. A certain amount of oil was 
treated in this manner, but, in spite of very considerable care, it was found 
that rather serious loss of vitamin activity had occurred during the process. 
As opportunity for investigating the cause of the inactivation did not im- 
mediately present itself, we fell back on a large-scale laboratory preparation 
in which 5-7 litres of oil were saponified at one time. We wish to express 
our indebtedness to Mr Bolton and his co-worker, Mr Lush, for the help and 
advice they so generously gave. 

The collection of unsaponifiable material by the alternative method was 
somewhat tedious, and we suffered the disappointment of losing a considerable 
proportion of the total of more than a kilogram owing to an “ether peroxide”’ 
explosion in the final stage of preparation. Sufficient material was saved, 
however, to enable us to carry out a separation on a much larger scale than 
had previously been attempted. The general lines along which the separation 
was conducted have been already described. 750 g. of unsaponifiable matter 
yielded a total of 370g. of cholesterol (49-3 %). It was during the concen- 
tration of the cholesterol-free fraction of this preparation that nearly 50 cc. 
of mixed impurities of ether were obtained (see footnote, p. 1054). The frac- 
tionation under reduced pressure of a portion of the cholesterol-free oil was 
carried out with great care, employing a fractionating column and adequate 
“lagging.” The initial fractionation yielded just over a gram of a clear liquid 
boiling below 40° at 3-4 mm. This fraction was apparently identical with 
that described on p. 1053, which we believed to be a Cg ketone, derived from 
the reagents employed in the extraction. The distillation of the main bulk of 
the oil failed to give us a well-marked separation, being fairly regular through- 
out after 150°. 

The following fractions were collected and on examination gave the data: 


Temperature Quantity Iodine Acetyl Colour 
Fraction Description Range g. value value reaction} 
If Very pale yellow oil, marked 125°-155° 5 114 : 2 S49 
terpene-like odour (3 mm.) +4 
III Pale yellow oil,terpeneodour 155°-184° 7 120 196 ee 
(2 mm.) 
IV Yellow oil, similar smell 184°-190° 6 125 120 +++ 
(2 mm.) 
V__ Yellow oil, pungent terpene- 190°—220 36 129 174 ++++ 
like smell (1-2 mm.) 
VI Orange yellow oil, pungent 220°-270° 27-5 149 140 
smell (1-2 mm.) 
VII Reddish brown amber-like Residue 20-5 ‘ ° - 
resin : 270° 


1 We invariably employed the colour reactions as a preliminary indication of the presence 
of vitamin A, reserving the animal tests for the examination of the more important fractions. 
On no single occasion in the course of five years’ work has this procedure misled us. 
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Attempts were made to refractionate V and VI, but without any real 
success, and we were reluctantly forced at length to conclude that, without 
possessing very much larger quantities of material, there was little hope of 
separating the constituents satisfactorily by this means. A considerable 
amount of confirmation of our earlier results was, however, obtained by an 
examination of the redistilled fractions V and VI. Spinacene was present in 
both fractions, but to a considerably greater extent in that of higher boiling 
point, which also yielded an appreciable amount of the solid, saturated alcohol 
(m.p. about 60°) referred to previously. Sufficient of the substance was not 
obtained to purify it adequately, much less to establish its nature, but we 
have reasons for believing that it is identical with the substance described 
on p. 1056 as being isolated from the liver oils of the fish, Spinax niger. We 
were able to confirm its inactivity when tested on animals. 

Attempted Fractionation by means of Solvents. 

Having failed to separate the constituents of V and VI by distillation, we 
turned to fractional solution as a means of achieving our aim. These oils 
are extremely soluble in most fat solvents, ether, light petroleum, chloroform, 
carbon disulphide, carbon tetrachloride, tetrachloroethane, trichloroethylene, 
but are less soluble in methyl and ethyl alcohols and acetone. Takahashi and 
Kawakami [1923] reported that the cholesterol-free fraction of cod-liver oil 
unsaponifiable matter yields on recrystallisation from 80-90 °% methyl alcohol 
at — 20° a semi-crystalline substance, which they regarded as vitamin A in 
the nearly pure condition’. We repeated their experiments, testing not only 
methyl and ethyl alcohol but also acetone as a sclvent. Slow crystallisation 
at temperatures about — 10° throws down a flocculent, white precipitate, 
which, seen under the microscope, consists of bunches of slender needle-shaped 
crystals mixed with fine droplets of oily substances. The crystals melt about 
zero, and a pale yellow oil is produced. This product was examined chemically, 
as well as for vitamin activity. As we reported some time ago, it is certainly 
not vitamin A [Drummond and Coward, 1924] because it is less active in 
promoting growth than the mother liquors. Furthermore, the material thrown 
down from solution on cooling tended to be decidedly richer in spinacene than 
the original fraction, as indicated by the iodine values and the yields of in- 
soluble bromide on treatment with bromine. The application of these processes 
of crystallisation did not seem to facilitate the purification of any of the 
constituents present in our fractions, and we abandoned them. We also 
attempted to effect some separation by means of differential solubilities in 
mixtures of solvents. Our exploration in this direction was very superficial, 
being limited to an examination of the so-called “phase test,” frequently 
employed in the separation of the lipochrome pigments. 2g. of an active 
fraction were dissolved in 20 cc. of light petroleum and shaken up vigorously 
at room temperature with an equal volume of methyl alcohol. On separation 


! This claim to have isolated vitamin A is an earlier one than that criticised on p. 1062. The 


active substance was then believed to be an aldehyde. 
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of the liquids, of which the light petroleum was distinctly the more deeply 
coloured, and removal of the solvents, two fractions were obtained. The 
fraction soluble in methyl alcohol weighed 0-48 g. It possessed an iodine value 
of 116, gave a strong colour reaction, and produced growth in the test rats. 
The light petroleum fraction weighed 1-42 g., had an iodine value of 129, and 
was of definitely higher vitamin value. 

At the time the results did not appear to be particularly encouraging, and 
the experiments were discontinued, but it is not unlikely that it would be 
worth while making more careful studies in this direction. 


Nature of the Unsaturated Alcohols Present. 


The results obtained seemed to indicate that apart from spinacene, the 
saturated alcohol (M.p. about 60°), and possibly unchanged lipochrome pig- 
ment, the bulk of the cholesterol-free fraction consisted of one or more un- 
saturated alcohols. In our earlier studies we were inclined to believe, from 
the progress of the fractional distillations, that two such alcohols were present, 
one boiling about 210° (3 mm.) and the other about 250° (3 mm.) [Drummond 
and Coward, 1924]. Later work, in which larger quantities of material were 
employed, has tended to weaken this view, and our inability to obtain any 
satisfactory fractionation leads us to believe now that probably only one 
unsaturated alcohol is present in any appreciable quantity. Our examina- 
tions of the fractions for this substance have been greatly impeded by the 
difficulty of removing the spinacene, or of forming a trustworthy opinion as 
to the amount of that hydrocarbon present. An attempt was made to esti- 
mate the amount of spinacene present by weighing the yields of dodecabromide 
and hydrochioride. Unfortunately, our experience leads us to confirm the 
view shared by Chapman and by Tsujimoto that both reactions proceed 
abnormally and that they cannot be regarded as quantitative. Of the two 
reactions, that of the formation of the hydrochloride is without doubt the more 
reliable. A series of estimations of the yield of this compound obtained from 
specimens of practically pure spinacene indicates that the yield of hydrochloride 
depends on the concentration of the hydrocarbon in the solution. In dry 
ether the yield varies from 30-50 %, whereas in dry ethyl alcohol higher 
yields, up to 60 % of the theoretical, have been obtained. The solubility of 
the hydrochloride is very slight in these solvents. Assuming that the pre- 
cipitation of the hydrochloride is not interfered with by the other substances 
present—an admittedly unsound assumption—an attempt has been made 
to gain some idea of the proportion of spinacene present in the cod-liver oil 


fractions. 
B.P. of Weight Weight of Yield % spina- 
fraction Iodine taken hydro- assumed _cene in 
(3 mm.) value g. Solvent chloride % fraction 
180°-200° 110 * 0-750 Dry ether 0-030 40 6-5 
180°-200° 110 0-500 0-019 40 6-2 


” 
200°—220° 129 1-056 Dry alcohol 0-080 55 9-4 


Average 7:7 
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These figures, approximations as they are, may give us a rough idea of the 
amount of spinacene in our fractions, and are supported by those obtained 
when in a similar fashion attempts were made to determine the yield of 
dodecabromide. The yield of insoluble bromide appears to depend on a 
number of factors, such as the rate of addition of bromine, temperature, the 
time of standing, and in particular upon the presence of traces of moisture. 
Wide variations in yield, from 22-45 % of the theoretical, have been ob- 
tained using pure spinacene in dry ether. The yields of insoluble bromide 
given on bromination of the fractions from cod-liver oil were as follows: 

B.P. of fraction Weight Weight insoluble bromide 
(3 mm.) g. g. 
180°—200 0-5100 0-0310 


0-5110 0-0495 
0-1010 0-0107 


” 


” 


Assuming an average yield of 35 °,, these amounts of bromide correspond 


to the following percentages of spinacene, 5-3, 8-4, 9-2, average — 7-6 %. 

Whilst the unsatisfactory nature of these calculations must be admitted, 
we are inclined to believe that the approximate agreement between the 
figures given by the two methods indicates that the amount of spinacene 
present may be taken as 8 %. If we accept this figure as an approximate 
estimate of the percentage of spinacene in our physiologically active fraction, 
we may proceed to make one or two other calculations in the hope that they 
will throw some light on the nature of the other unsaturated constituents: 

Iodine value. The iodine value of spinacene is 371. The average for a 
large number of active fractions is 124. This indicates an iodine value of 
about 103 for the spinacene-free residue. 

Acetyl value. A number of determinations on active fractions gave values 
of 208, 173, 174, 210, 217, 202, 204, averaging approximately 198. Corrected 
for the presence of 8 % of spinacene this becomes approximately 215. 

Molecular weight. Direct determinations by the cryoscopic method gave 
values of about 300. 

These approximations suggest that the other main constituent or con- 
stituents of the active fractions might be unsaturated alcohols containing 
ge (e.g. C,gH,,OH, m.w. 270, 


acetyl value 207, iodine value 94; C,,H,,OH, M.w. 296, acetyl value 189, 


one hydroxyl group and one ethylene linka 


iodine value 91-3). 
Unsaturated Alcohols in Fish-liver Oils. 


The work of Tsujimoto and his colleagues in Japan has provided much 
valuable information regarding the substances present in the unsaponifiable 
fractions from a variety of fish-liver oils. Tsujimoto and Toyama [1922 
describe two alcohols in the liver oil of Hexanchus corinus. One of these is a 
solid substance to which they give the formula C,,H,.0,, and the name batyl 
alcohol, whilst the second is an unsaturated alcohol, selachyl alcohol, 
CyyH 4903, which on reduction is converted into batyl alcohol. 
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Evidence has been obtained that the solid alcohol isolated by us from 
cod-liver oil and the liver oil of Spinax niger is probably the same compound 
as the Japanese investigators have described under the name of baty] alcohol. 
Selachyl alcohol appears to form a large proportion of the unsaponifiable matter 
derived from the liver oils of certain fish, e.g. Cirrhigaleus barbifer, Somniosus 
microcephalus, Chimaera (sp.), Lepidorhinus kinbei and Zameus (Scymnodon) 


squamulosus. 


Another unsaturated alcohol, believed to be oleyl alcohol, C,,H,,0, has 
been found by Toyama [1922] as the main constituent of the unsaponifiable 
matter from the liver oil of Chamylodoselachus anguineus. In view of these 
observations it was necessary to determine whether these alcohols occur in 
cod-liver oil, and if so, whether they are related to the physiological activity. 

Before presenting the evidence we have accumulated on these questions 
it will be well to refer to another path along which enquiries were made. 
Surveying the other unsaturated alcohols of high molecular weight that have 
been isolated from natural sources it was obvious that attention should be 
paid to the alcohol phytol, C,,H,,OH, derived from chlorophyll. It appeared 
quite likely that small amounts of phytol might be absorbed by the animal 
organism during the digestion of green plants, and that the alcohol might 
appear as a constituent of the unsaponifiable fraction of their liver fats. The 
nature of the unsaturated alcohols present in our active fractions is also bound 
up with the nature of the product described recently by Takahashi, Nakamiya, 
Kawakami and Kitasato [1925] under the name “biosterin,” and regarded 
by them as pure vitamin A. The most complete account of their work is 
given in a monograph, printed in English, but there have been several earlier 
papers in Japanese [Takahashi, 1922; Takahashi and Kawakami, 1923]. 

The following table gives the data regarding the alcohols that have 
been mentioned, together with the corresponding data for spinacene and 


**biosterin.”’ 


Table I?. 
Our active 
fractions 
allowing 
Selachyl Oleyl for 8 % 
alcohol alcohol Phytol “* Biosterin ” spinacene Spinacene 
%C 73-0 80-8 80-0 81-0 TT-7 87-8 
% H 12-2 13-5 13-5 11-0 11-8 12-2 
Mol. weight 328 270 296 402 300 110 
Formula CepH 1993 CygH3,0 CxpH yO CopHy02 [CygH 3602] CoH 56 
Iodine value 79-15 94 91:3 180 124 371 
Acetyl _,, 272 207 189 139 215 o 
(dihydric) 
Refractive index Nyy) 1-4691 NJ, 1-4620 NP, 1-4640 NP 152517 = NP 1-4705 NP 1-4965 
Boiling point 236°-239° 207° 202° (10 mm.) 147° 180°-220° 252° (5 mm.) 
(5 mm.) (13 mm.) 145° (0-02 mm.) (0-02 mm.) (1-2 mm.) 240° (2 mm.) 
203° (0-15 mm.) 
Density doy 0-918 d%.0-862 d° 0-852 d),, 09561 — di; 0-8587 
d° 0-864 
1 The majority of the recorded values for oleyl alcohol, phytol, and spinacene have been checked during the course 


of this work on preparations made in our laboratory. 








1062 J. C. DRUMMOND, H. J. CHANNON AND K. H. COWARD 


A superficial examination of the monograph published recently by the 
Japanese investigators might reasonably give the impression that they had 
isolated vitamin A in the pure state, but such a view is rapidly dispelled 
when the evidence they have presented is carefully examined, particularly in 
the light of a knowledge of the peculiar difficulties that are encountered in 
working with complex mixtures of fatty substances of high molecular weight, 
such as are represented by the unsaponifiable fractions of oils and fats. 

Boiling point. The constancy of the boiling point of “biosterin” would 
at first sight appear to indicate its purity, but it has been our experience 
that although fractions boiling over narrow ranges can be obtained in dis- 
tillations of such substances, these fractions are nevertheless often mixtures. 

Thus, very active fractions have often been collected between 180—200° 
at 2-3 mm.—approximately the range at which “biosterin” would probably 
boil at the same pressure—but they have been found on examination to be 
highly impure. The difficulty of separating the components of these mixtures 
of substances boiling at temperatures close together is so generally recognised 
that it is difficult to understand how Takahashi and his colleagues can have 
imagined that they were obtaining a pure product after a single distillation 
from a modified form of retort. For our own part we recognise our failure to 
effect any appreciable separation of the constituents of the cholesterol-free 
material by repeated fractionation from Claisen flasks fitted with various 
types of fractionation columns, and suitably “lagged” to maintain control of 
the temperature difference between boiling and distilling liquid. 

The difficulties encountered in these distillations were of the same type 
that we had previously encountered in an attempt to separate the esters of the 
fatty acids of butter by repeated fractionation [Channon, Drummond and 
Golding, 1924]. 

The description of “biosterin”’ as “‘a reddish yellow, transparent viscous, 
oily substance” is in our opinion clear evidence that the product must have 
been impure. Fractions obtained by us were usually coloured a pale lemon 
yellow unless the distillation had been unsatisfactory and bumping and 
splashing had occurred. The redistilled fractions were always crystal-clear, 
pale yellow oils, and only the material passing over at the higher temperatures 
was at all viscous. Incidentally, the alcohol phytol boils at the temperature 
given for “biosterin’—145-147° at 0-02—0-03 mm.—so that, whereas there 
may be little or no phytol in the unsaponifiable matter from cod-liver oil, 
there certainly must be considerable amounts present in a “biosterin” pre- 


pared from green leaves. 

Analysis and molecular weight. “Biosterin” contains 81-0 % of carbon 
and 11-0 % of hydrogen, and is stated to have a molecular weight of abcut 
400. It must be apparent that elementary analyses made on heavy oily 
materials of doubtful purity have very little value. Analyses of our own 
active fractions were made in order to gain information as to the amount of 
oxygen-containing substances (alcohols) present, but it would be unreasonable 
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to attach any importance to the fact that many of these analyses can be made 
to fit formulae, e.g. C 77-7%, H 11-8 %, and cryoscopic determinations 
giving values about 300 correspond very well with the formula C,,H,,0,. 

Unsaturation. “Biosterin” is reported to contain three double bonds 
corresponding to an iodine value of 190. The highest iodine value recorded 
for any of our active fractions is 140, and it is known that this fraction 
contained at least 8 ° of spinacene which has an iodine value of 371. 

The “biosterin” prepared from cod-liver oil was found to contain 80-87 °% C 
and 11-13 % H, whilst that prepared from green leaves contained 79-88 °%/ C 
and 11-88 % H. These products were of similar physiological activity al- 
though their iodine values were 180 and 125 respectively. This large differ- 
ence in iodine values of products of similar physiological activity would seem 
significant. The description of the preparation of “biosterin” from plant tissues 
leaves no doubt that considerable amounts of phytol (iodine value 91) must 
have been present. 

The yield of the bromide of “biosterin,” prepared by the addition of 
bromine dissolved in glacial acetic acid to a solution of “biosterin” in ether, 
is stated to have been 85 %. This we are quite unable to confirm, for, as stated 
elsewhere, bromination of our fractions yielded only small amounts of the 
characteristic insoluble bromide of spinacene. 

Refractive index and specific gravity. The refractive index of “biosterin” 
is given as 1-52517 and the specific gravity at 15° as 0-9561. Both values are 
much higher than any we have encountered during our work, or the values 
given by components such as spinacene, and we are inclined to regard these 
figures with suspicion. 

Physiological activity. If we take as a measure of the physiological activity 
of the products the dose required to maintain good growth in a rat of 90-100 g. 
weight, it appears that the original cod-liver oil from which Takahashi ob- 
tained “‘biosterin” was represented by 1 x 10-*g., whilst that for the majority 
of oils used by us was 5-6 x 10-*g. Our active fractions gave growth in 
daily doses of 5 x 10-° g. whilst “‘biosterin” did so in a dosage of 1 x 10-5 
5 x 10-*g. In other words, the degree to which the vitamin has been con- 
centrated in “biosterin” and our active fractions is of the same order if regard 
be paid to the activity of the original oils, and yet we know that our prepara- 
tions were highly impure. We are entirely at a loss to account for the obser- 
vation of the Japanese investigators that harmful results follow the adminis- 
tration of an excess of the active substance. We have many times administered 
large amounts of highly active fractions without observing any ill effects, 
and the suspicion is aroused that Takahashi’s material may have contained 
traces of a toxic impurity. 

Action of “‘biosterin” on sensitised plates. The description of the experi- 
ments made by Takahashi and his colleagues on the influence of their active 
material on photographic plates leaves no doubt that they were observing the 
effect described by Russell [1908]. No “fogging” occurred when quartz or glass 
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separated the plate from the “biosterin.”” These observations provide addi- 
tional confirmation that materials possessing vitamin A activity do not emit 
a radiation capable of “fogging” a sensitised plate after passage through 
quartz, as was originally claimed by Kugelmass and McQuarrie [1924]. It 
was shown by Drummond and Webster [1925] that the experiments of the 
latter were faulty, and that the “fogging” was probably due either to the 
“Russell effect” or to the action of a phosphoresence which is emitted by 
silica after it has been exposed to ultra-violet light. Kugelmass and McQuarrie 
have recently admitted their mistakes [1925]. 


Attempt to determine the Nature of the Unsaturated Alcohols present 
in the Active Fraction from Cod-liver oil. 

The iodine value and acetyl value, after correction for spinacene, suggest 
that the unsaturated alcohols contain one ethylene bond and one hydroxyl 
group capable of acetylation. The possibility of oleyl alcohol or phytol being 
present had to be investigated. 

Both these alcohols yield fairly characteristic crystalline silver salts after 
conversion into the acid phthalic esters. Treatment of our active fractions 
with phthalic anhydride in boiling benzene solution appeared to bring about 
little or no combination, and only a few crystals of what was possibly a silver 
salt were obtained. The amount was too small for examination. Control 
experiments with samples of oleyl alcohol prepared from oleic ethyl ester by 
the method of Bouveault and Blanc [1904], and with phytol prepared from 
phacophytin [Willstitter and Stoll, 1913] gave good yields (60-70 %) of the 
characteristic silver salts. It was also ascertained that the presence of spina- 
cene does not interfere with the formation of these compounds. Takahashi 
has also recorded that his active fraction does not yield an acid phthalate by 
the usual method, but that combination occurs at the higher temperature 
of 120-130°. The description of his phthalate is, however, somewhat un- 
satisfactory. From this evidence and from a failure to obtain the phenyl- 
urethanes we concluded that neither phytol nor oleyl alcohol is present to 
any marked extent in our active fractions. Incidentally, it is of interest to 
mention that Javillier, Baude and Lévy-Lajeunesse [1925] showed by feeding 
experiments on rats that phytol does not possess the physiological action of 
vitamin A. Our preparations of phytol and oleyl alcohol failed to give a 
response to the colour tests for vitamin A, and feeding experiments also gave 
negative results. There remains the possibility that the selachyl alcohol 
described by Tsujimoto might be present, and that it might be responsible for 
vitamin action. As far as we are aware no derivative of selachyl alcohol has 
been described that is suitable for its detection, so that no means are avail- 
able for ascertaining the first point. Indirect evidence that this substance is not 
vitamin A is given by the fact that the liver oil of Scymnodon squamulosus, of 
which the unsaponifiable matter consists almost entirely of spinacene and sela- 
chyl alcohol, has been found by us to be physiologically of very low activity. 
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The evidence presented above seems to rule out the possibility of vitamin A 
being identified with oleyl alcohol, phytol or selachyl alcohol. In our opinion 
the data available are quite inadequate to tell us whether or not the physio- 
logical activity is due to the presence of other unsaturated alcohols, for no 
separation of these in a state of purity has been achieved. No satisfactory 
answer to this question can be given until the active constituent has been 
isolated in pure condition or as a derivative suitable for purification. It was 
of interest to observe that during the course of exhaustive experiments to 
obtain solid derivatives suitable for purification and examination the vitamin 
activity of our fractions survived certain chemical treatments of the hydroxy] 
group of the alcohols present, e.g. acetylation, benzoylation and treatment 
with phthalic anhydride or substituted benzoyl chlorides, but in no case did 
it survive exposure to reagents that affected the unsaturated linkages, e.g. 
bromination, reduction. 


Other Constituents of the Unsaponifiable Fraction. 


It is obvious that the unsaponifiable fractions from oils such as cod-liver 
oil are highly complex mixtures which have as yet been but imperfectly 
examined. Amongst the components are the lipochrome pigments first de- 
tected by Salkowski [1863]. The yellow pigments of cod-liver oil remain 
unidentified, and neither the fresh oils nor the concentrated fractions present 
absorption spectra which it has been possible to measure. It has been found 
during the course of this work that there is a rough correlation between the 
physiological activity of the oils and the degree of pigmentation but the 
significance of this is uncertain. It is also uncertain whether the pigments 
are volatile during distillation. 

The association of vitamin A with the lipochrome pigments has been 
observed many times [Steenbock, 1919; Steenbock and Boutwell, 1920; 
Rosenheim and Drummond, 1920], but a number of exceptions having been 
described [Palmer and Kempster, 1919, 1, 2,3; Drummond and Coward, 1920], 
it has been generally concluded that it is of no significance as regards the 
identity of the former substance. Drummond [1919] observed that a pure 
specimen of recrystallised carotene possessed no growth-promoting powers, 
whereas Steenbock has once reported that a specimen of carotene induced 
growth [Steenbock et al., 1921]. No confirmation of this statement has appeared 
from their laboratory as far as we are aware. 

More recent studies that we have made on a specimen of carotene re- 
crystallised four times, M.P. 167-5°, suggest that the lipochrome possesses no 
growth-promoting activity such as vitamin A shows, but that it may, unless 
carefully purified, be contaminated by traces of the latter substance. This, 
at least, appears to be the most satisfactory explanation of the long survival 
of the animals in some tests when compared with the rapid failure of those 
on the basal ration. Lycopin, prepared from tomatoes, is likewise inactive. 
We are convinced, therefore, that neither carotene nor lycopin is vitamin A. 
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Xanthophyll has not yet been prepared by us in sufficiently pure condition 
for a satisfactory test. 


SUMMARY. 


1. Further confirmation has been obtained of the concentration without 
loss of vitamin A in the unsaponifiable fraction of cod-liver oil, provided the 
preparation is carried through with precautions against oxidation. 

2. The concentrate contains no detectable traces of iodine or nitrogen, so 
that these elements do not appear to be related to the physiological action of 
the oil in promoting growth. 

3. Approximately 50 °% of the unsaponifiable matter from cod-liver oil 
is cholesterol, which may be removed quantitatively without loss of vitamin 
activity. 

4. Vitamin A is volatile in superheated steam. 

5. Distillation of the cholesterol-free residue in a high vacuum did not result 
in a satisfactory separation of the components. Vitamin A passes mainly 
between 180—220° at 2-3 mm. 

6. Chemical examination of active distillates indicated the presence of 
(a) a saturated solid alcohol (m.P. ca. 60°), (6) the unsaturated hydrocarbon 
spinacene, (c) one or more than one unsaturated alcohol, boiling about 200° 
at 2-3 mm. 

7. Spinacene and the solid alcohol are without vitamin A action. 

8. It has not been possible to decide whether vitamin A is identifiable 
with one of the unsaturated alcohols. 

9. The unsaturated alcohols, oleyl alcohol (C,gH,,0) and selachy] alcohol 
(CypH 4903), which have been described as constituents of other liver oils, are 
not identifiable with vitamin A. The unsaturated alcohol, phytol (C.>H4)0), 
which is present in the chlorophyll molecule, is also devoid of activity. 

10. A criticism is made of the claims of Takahashi to have isolated 
vitamin A and to have identified it as an unsaturated alcohol C,,H,,0, (‘ bio- 
sterin ”’). 

11. Brief reference is made to the possible relation between the lipochrome 
pigment of cod-liver oil and the vitamin activity of the latter. 


We wish to express our sense of indebtedness to the Medical Research 
Council for having so generously provided large grants to cover the cost of the 
research over a number of years. 
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THE technique that has for some time past been employed in this laboratory 
for testing for the presence of vitamin A in foodstuffs, or fractions isolated 
during our efforts to determine the nature of that substance, has been 
described in previous publications [Drummond and Coward, 1920; Drummond 
and Watson, 1922, 1]. Until quite recently we placed considerable trust in 
this method, which, in broad detail, consisted of feeding young rats on an 
artificial ration purified as far as possible from fat-soluble vitamins until the 
deprivation resulted in a cessation of growth. The response in growth that 
followed the administration of the foodstuff, or other substance, was then 
interpreted as an indication of the amount of vitamin A that had been 
supplied. Our belief that this test, standardised as carefully as possible, 
yielded trustworthy results, was not disturbed when it was clearly demon- 
strated, first by McCollum and his co-workers, that the vitamin A is a sub- 
stance distinct from the antirachitic factor, now somewhat generally referred 
to as vitamin D, because there was then no evidence to show that the latter 
substance might interfere with the test. 

Steenbock and his colleagues have, however, by a very careful series of 
researches demonstrated that the cessation of growth that is exhibited by 
animals maintained on the more or less standard type of basal diet employed 
in testing for vitamin A may not always be due to a deficiency of that sub- 
stance, but that in some cases it may be caused by an inadequate supply of 
vitamin D. 

Recognising the importance of their observations, Steenbock, Nelson and 
Black [1924] devised a modification of the technique usually employed in 
testing for vitamin A, which consisted of supplying the antirachitic factor 
throughout the experiment either by a supplement of aerated cod-liver oil— 
it having been shown by McCollum, Simmonds, Becker and Shipley [1922 
that the vitamin A in that oil is destroyed by 12-28 hours’ oxidation by a 
current of air at 100°, whereas its antirachitic action survives—or by regular 
exposure of the test animals to radiations, from a suitable source, such as a 





ig 
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quartz mercury-vapour lamp, which are now known to endow certain sub- 
stances with antirachitic power. On the whole, they prefer the latter alter- 
native, and propose to maintain the animals on their ordinary basal diet of 
purified caseinogen, agar, yeast, salt mixture and dextrinised starch, but to 
guard against the incidence of disturbances arising from a shortage of the 
antirachitic substance by exposing the animals to the radiations of a quartz 
mercury-vapour lamp for a short period, say 10 mins. every day. In their 
experiments the control rats receiving no irradiation showed some growth, 
with incidence of ophthalmia in from four to six weeks. Those which received 
the same food mixture, but in addition were exposed to the radiations every 
day, grew considerably more, but showed signs of ophthalmia at about the 
same time as the controls. The present paper reports results which in essen- 
tials confirm those to which we have just referred, and we record them, in the 
first place, because they were arrived at from a somewhat different line of 
approach to the problem, and in the second, because we believe that our 
modification of the usual technique is slightly superior to that proposed by 
the investigators we have mentioned. 

We were led to this subject by an investigation, recently reported by 
Drummond, Rosenheim and Coward [1925], during which it was found that 
cholesterol of a fairly high degree of purity! after exposure to the radiations 
of a quartz mercury-vapour lamp promotes a resumption of growth when 
administered to rats which have ceased to grow on the standard diet deficient 
in vitamin A. 

The fact that cholesterol treated in this manner is also endowed with 
marked potency as an antirachitic has now been demonstrated with cer- 
tainty [Hess, Weinstock and Helman, 1925, 1,2; Hess and Weinstock, 1925; 
Steenbock and Black, 1925; Rosenheim and Webster, 1925]. 

At first we were inclined to believe, from the very prompt recovery which 
our animals showed in growth, that the radiation had also effected either a 
synthesis of vitamin A, or of some substance possessing similar physiological 
action. On the other hand, doubts were raised by two facts. In the first 
place the irradiated cholesterol, although it gave colour reactions differing 
markedly from those of the untreated compound?, failed to give the colour 
tests that have been studied in this laboratory [Drummond and Watson, 


1 The purity of samples of cholesterol is an important matter in work of this type, where a 
minute trace of impurity may well be the precursor of the active substances formed during 
exposure to short wave-length radiations. Dr O. Rosenheim has given us the benefit of his wide 
experience of.cholesterol and related compounds, and has emphasised the necessity of at least 
two saponifications with repeated crystallisations from more than one solvent before anything 
approaching pure cholesterol can be obtained. The product employed by us was three times 
subjected to hydrolysis with boiling alcoholic potash, with many intermediate and subsequent 
crystallisations, totalling 27 in all, alcohol, ether and light petroleum being used as solvents. 
It melted at 148-8° (uncorr’). Melting points as high as 150° have been recorded, and it is 
doubtful whether a product melting much below 149° can be regarded as satisfactory. 

2 The colour reactions of irradiated cholesterol, and their significance, will be the subject 
of a later communication by Dr O. Rosenheim. 

67—2 
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1922,2; Rosenheim and Drummond, 1925], which we are strongly inclined to 
believe are given by the substance known as vitamin A. Secondly, the 
response in growth that in most cases followed the administration of irradiated 
cholesterol was irregular, and could not be correlated in a quantitative manner 
with the amount of the supplement. 
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Fig. 1. Typical curves illustrating the two extreme types of response to an administration of 
2 mg. of irradiated cholesterol daily. Curve 1 shows the prompt resumption of growth 
usually shown by animals which have previously shown the characteristic failure of growth 
at 4-5 weeks on the basal ration. Curve 2 shows failure of the irradiated cholesterol to 
cause resumption of growth in an animal that has been maintained on the deficient basal 
ration for 3 months. 


The significant irregularities encountered were of two types. In some 
cases, illustrated by curve 2 in Fig. 1, the addition of the irradiated cholesterol 
produced no resumption of growth, but occasionally appeared to postpone 
the final decline. An analysis of the cases in this group revealed the inter- 
esting fact that practically all the animals that failed to respond had been 
maintained on the basal ration for a relatively long time; in the case illus- 
trated by curve 2 (Fig. 1) the rat had been on the basal diet for three months 
before receiving the supplement of irradiated cholesterol. 

The second type of irregularity that aroused our suspicion was shown by 
animals such as those whose growth curves are illustrated in Fig. 2. In these 
cases the resumption of growth on giving the irradiated cholesterol was 
prompt, and the rate sometimes almost normal, but after about four weeks 
a retardation set in followed by a rather rapid fall in weight. The important 
point, to our minds, was that the recovery we have described did not appear 
to be correlated with the dose of irradiated cholesterol given. This was in- 
dicated by the fact that daily supplements of 1-10 mg. appeared equally 
efficient in causing recovery, but, more particularly, by the fact that in- 
creasing many-fold the amount of the supplement after the second cessation 
(Y) of weight had occurred did not in a single case produce a further stimu- 
lation of growth (curve 4, Fig. 2). If, however, a small amount of cod-liver 
oil, or of a fraction rich in vitamin A prepared from cod-liver ou, was 
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administered at that point, a prompt and steady increase of weight again 
occurred (curve 5, Fig. 2). From this it may reasonably be concluded that 
the irradiated sterol was not supplying the substance known as vitamin A, 
and that the temporary development that followed the administration of 
this substance must have been due to another cause. To attempt an explana- 
tion of those results is, perhaps, unwise, until much more has been achieved 
in the experimental field, but provisionally the hypothesis tentatively ad- 
vanced by Steenbock may be accepted, since it is not at variance with any 
of the observations we have recorded. The idea that the initial cessation of 
growth may be brought about by a deficiency of vitamin D in the basal diet 
at a time when the animal has not expended the reserves of vitamin A in its 
own tissues is one that fits in not only with the temporary response in growth 
that may follow the administration of the antirachitic vitamin D (irradiated 
cholesterol), but also with the fact frequently observed by us, that after a 
long period of maintenance on the basal ration animals usually fail to show 
any response to this substance; the long period of deprivation having, pre- 
sumably, completely exhausted their reserves of vitamin A (curve 2, Fig. 1). 
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Fig. 2. Typical curves illustrating (3) rather rapid cessation of growth and decline (Y) after 
temporary resumption of growth on irradiated cholesterol (X). Curve 4 illustrates failure of 
growth in spite of increasing dose of irradiated cholestero]. Curve 5 illustrates power of cod- 
liver oil to prevent this decline. 


There can be no question that Steenbock is right in emphasising the very 
complicated nature of the inter-relationships that exist between the many 
factors that determine growth in the young animal. Viewed from the stand- 
point of the value of tests for vitamin A the results of these observations are 
of considerable importance. In the past we have regarded the power to induce 
steady growth for a period of not less than three or four weeks as evidence 
that the substance, added as a supplement to the basal ration, contained the 
vitamin A. Judged by ‘this criterion we should conclude that the irradiation 
of cholesterol by ultra-violet radiations synthesises a substance identical 
with, or possessing similar physiological action to vitamin A. 
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Obviously, however, unless the animals are protected throughout the test 
from a deficiency of the antirachitic substance, the method will be open to 
grave error. Indeed, we fear that no small proportion of the results that have 
been published on the occurrence and properties of vitamin A may have to 
be revised by tests in which this precaution has been taken. 

We have referred to the means suggested by Steenbock for modifying the 
animal test for vitamin A. We have found it more convenient to employ 
irradiated cholesterol as a source of vitamin D in the basal diet. We usually 
prepare the “activated” material by radiation of either thin films of carefully 
purified cholesterol spread over the bottom of shallow flat dishes, exposed 
to air, or a thin film spread on the inner surface of a spherical quartz flask, 
evacuated by a mercury pump, and slowly rotated mechanically so as to ensure 
equal exposure of the whole surface. We are inclined to believe that the 
second method is preferable. In both cases we employ a Cooper-Hewitt 
quartz mercury-vapour lamp (220 v., 7-5 amp.) at a distance of 25 cm. for 
2 hours, as a source of ultra-violet rays?. 

The animals are fed on a basal ration similar to that used by us for some 
years past, but from which we now exclude all fat. The mixture is com- 
pounded as follows: 


Purified caseinogen ss sie 15 parts 
Pure rice starch 7 3 
Yeast extract eS 
Salt mixture — 
Lemon juice Pe 


In a large number of experiments we have found that the exclusion of fat 
does not apparently disturb the normal behaviour of the animals on the basal 
ration?. As this is so, and as we have suspected that slight differences in the 
nature of the fats employed have at times been responsible for abnormal 
results, we decided to exclude them as being unnecessary potential sources 
of error. 

The basal diet given above is, however, supplemented from the beginning 
of the experiment with 1-0 mg. of irradiated cholesterol daily, this being 
administered to the animals separately in the form of one drop of a solution 
in liquid paraffin. It may also be incorporated in the diet to the extent of 
20 mg. %, so that each rat obtains 2-3 mg. daily. 

1 We are indebted to Prof. E. C. C. Baly, F.R.S., for much advice in connection with the 
use of these lamps. Too frequently it is not borne in mind that they exhibit “decay,” that is 
that the proportion of radiations of short wave-lengths falls off with use. The “decay” would 
appear to be due to changes in the transparency of the silica walls of the lamp, by which they 
become more opaque to the shorter rays. This occurs more readily if the lamp is run “cold” 
at a low voltage, and, apparently, within limits, the hotter the lamp becomes when working 
the longer will it retain its transparency to the physiologically active rays. A rough test, that 
saves the trouble of periodic examinations of the light by optical methods, is the formation of 
ozone. As long as the smell of this gas is marked it is certain that the lamp is emitting rays 
that are in the part of the spectrum in which occur those responsible for the antirachitic effect. 

* The successful rearing of rats for several generations on diets devoid of fats has already 


been reported [Drummond and Coward, 1921}. 
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Typical growth curves of animals during this preliminary period are illus- 
trated in Fig. 3 from which it will be seen that the initial growth is considerably 
greater than is shown by similar groups not receiving the irradiated chole- 
sterol. Instead of the characteristic retardation of growth appearing at about 
the fourth week, when the animal weighs about 90 g., the supplemented basal 
ration enables the animals to grow for 5 to 6 weeks, reaching a weight of 
about 110-130 g. before their growth stops. Further maintenance on the 
basal diet, although enriched by the antirachitic factor, results in decline and 
death, and, as far as we have been able to ascertain, this end can only be 
prevented, and growth re-established, if a supply of the vitamin A is promptly 
administered!. 
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Fig. 3. Curves 6 and 8 show typical behaviour of rats fed on basal diet containing no fat and 
supplemented with 1 mg. irradiated cholesterol daily. The onset of the decline is sharp. 
Curve 7 shows failure of extra irradiated cholesterol to induce further growth, but prompt 
recovery on adding 5 mg. cod-liver oil. 


It is interesting to note that these curves are rather sharply “peaked.” 
The decline sets in almost as soon as the rats cease growing, and there is 
seldom a period of maintained body weight as there usually is on the old basal 


diet (Fig. 1). 

It is unfortunate that the modification of the technique which we have 
described increases the time required to carry through a test to detect the 
presence of vitamin A in a substance. 


1 The administration of substances, in particular those relatively rich in vitamin A, to animals 
during these tests presents some difficulty. It is useless, in our opinion, to incorporate them 
with the diet. Zilva and Miura [1921, 1, 2] introduced the use of olive oil aerated for many 
hours at 100° to destroy vitamin A, as a diluent, and administered measured drops of a solution 
in this medium of the substance to be tested. Even this procedure, which was adopted by us for 
some time, appears to be open to criticism, because the aeration of the olive oil results in the 
formation of substances, loosely termed peroxides, which appear to have a destructive action 
on the vitamin A present in the substance to be tested [Fridericia, 1925]. 

We have more recently employed liquid paraffin (medicinal) as a diluent. This has the ad- 
vantage of being free from vitamin A, and of being an inert solvent suitable for use with fatty 
substances. On the other hand we are not yet satisfied that absorption of substances dissolved 


in this medium is quantitative. 
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It is for this reason that we are concentrating our attention on methods 
which will replace the expensive and time-consuming feeding experiments 
with animals. In a recent communication [Rosenheim and Drummond, 1925] 
we have outlined colour reactions which we believe are given by vitamin A, 
and which we hope will before long be made the basis of methods of quanti- 
tative estimation. We have in the last month or two attempted to compare 
the sensitivity of these colour reactions with that of the rat-feeding tests. 
It has proved a harder task than we anticipated, and we do not wish to commit 
ourselves to a definite opinion until further work has been completed. It 
may be said, however, that the sensitivity of the colour reactions with tri- 
chloroacetic acid or dimethyl sulphate, as determined by their value in 
comparing the vitamin A content of different samples of cod-liver oil, or 
different dilutions of the same sample of cod-liver oil in a neutral solvent, 
seems to be of about the same order as the animal test. The reaction with 
arsenic trichloride is decidedly more delicate. 
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1. THE QUANTITATIVE RELATION OF VITAMIN B TO PROTEIN (continued). 


INTRODUCTION. 


At the present time there appears to be no definite knowledge as to the 
minimum amount of any vitamin required for growth and the maintenance 
of health. Quantitative work is, as yet, very much in its infancy (especially 
in respect of vitamin B); probably our technique is not sufficiently good to 
permit of any very accurate work in this field of research, and such work as 
there is lies along other lines. For example, the distribution of the various 
vitamins in different foods has been the subject of much research, whilst very 
few observers have attempted to ascertain the animals’ actual needs in 
respect of these elusive factors (except the antiscorbutic requirements of the 
guinea-pig and monkey). Many dietetic workers (using rats) give as much 
as 5-0 g. marmite for every 100 g. (approximately) of synthetic food. It is 
probable that this figure is adopted because it is the amount used in the diet 
laid down by the Accessory Food Factors Committee when testing for the 
presence of vitamin A [Medical Research Council, 1924]. It obviously 
supplies the needs of the rat, but does it not also provide excess of 
the vitamin? For example, a young rat (about 60 g.) bred in this laboratory 
and fed on a synthetic diet from weaning (21 days of age) would eat approxi- 
mately 0-6 g. marmite per day, whilst Osborne and Mendel [1922] find that a 
daily ration of 200 mg. of their yeast is enough to provide for the rat to 
attain “the average adult size within the average normal time.”’ One cannot 
assume that the English yeast extract is absolutely equivalent to the American 
yeast, but allowing for some variation there is a big difference between 0-6 g. 
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and 0-2 g. From this it appears that the 5-0 g. marmite to 100 g. synthetic 
diet may provide an excess of vitamin B. There is so far no really good method 
for estimating vitamins, and therefore even the synthetic diet which is spoken 
of as “‘vitamin-free”’ may be only relatively free, for there is no proof that 
the constituents of that diet are absolutely vitamin-free. The only fact proved 
by experiments is that such a diet does not contain sufficient of any vitamin 
to support life, and hence all vitamin experiments can only be regarded as 
comparative. 

In a previous communication [Hartwell, 1924, 2] it was shown that a 
definite quantitative relation exists between the amount of protein and the 
need for vitamin B in a lactating rat’s diet. In this work, bread, food casein, 
and tomato juice were used, and it was thought advisable to make more 
experiments along similar lines using synthetic diets in which the protein 
content could be more accurately estimated. With this object in view the 
experiments to be described in this paper were carried out. 


EXPERIMENTAL DaTA. 


During gestation the mother rats received a good mixed diet of kitchen 
scraps, supplemented by bread and milk. The synthetic diet was started as 
soon as possible after the birth of the litter (never more than 18 hours) and 
continued for 21 days, at which time the young were weaned. In one or two 
experiments, when the diet was low in protein (10 %), the baby rats were 
small and weakly, and would not eat for themselves at the usual time (16th— 
18th day). In such cases the young were left longer with the mother and the 
diet was continued for three days after the young were seen to be eating from 
the mother’s food. 

The general method of experiment (daily weighings of mother and babies, 
etc.) has been fully explained in previous papers [Hartwell, 1921, 1; 1924, 2]. 

Foods. The dry constituents (caseinogen, potato starch and salt mixture) 
were mixed in bulk; the butter and marmite, with water, were added daily 
to weighed amounts of the dry mixture. Three different proportions of 
caseinogen were used, as follows: 

Diet A Diet B Diet C 


g. g. g. 
Caseinogen 20 10 30 
Potato starch 64 74 54 
Salt mixture 4 t 4 
Washed butter [ Hartwell, 1924, 1] 12 12 12 


Vitamin B. Marmite was used as a source of this factor, the same sample 
being used for all the experiments. The marmite was accurately weighed in 
a beaker, dissolved in warm water, and by this means transferred to a 
graduated flask. When cold the volume was made up to the mark. The 
marmite solution was made daily in hot weather, and every other day when 
it was cold; the required amount was pipetted out and mixed evenly with 


the food. 
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Experiments. 


1. Diet A (20 % caseinogen). A series of experiments was made in which 
decreasing strengths of marmite were used, viz. 20, 15, 10, 5%, and no 
marmite at all. The mothers and young were watched carefully for any 
abnormal symptoms. 

The results are given in the following table: 


G. of 
Number marmite 


of per 100 g. 
exps. diet Condition of young rats Condition of mother rats 
2 8 Normal Very slight loss in weight, other- 
wise normal 
9 6 8 litters normal; 1 litter slight Slight loss in weight, otherwise 
spasms normal 
4 4 All 4 litters had spasms, and 3 Mothers lost weight, but appeared 
litters screaming fits. 9 out of to be well 
24 died. Fur in good condition, 
but no young normal 
3 3 All 3 litters spasms and screaming Pe = 
fits; whole litter died 
7 2 Condition very poor; 4 whole Great loss in weight (in the worst 
litters died. Babies which sur- case a rat which weighed 286 g. 
vived were weakly for at least at birth of litter weighed only 
10 days after weaning 173 g. at weaning) 
7 0 Condition of young very poor Great loss in weight (the worst 
indeed; 26 out of 40 died, and case being a loss of from 306 g. 
the survivors were not normal to 210 g.) 
for some time after weaning 
Thus it appears that with diet A (20 % caseinogen) 6 g. of marmite to 
100 g. diet in the mother’s food is generally enough to protect the young from 
bad effects, and 8 g. is a complete safeguard. 
2. Diet B (10 % caseinogen). Three series of experiments were made, 


, using 15, 5 and 2-5 % marmite solutions respectively. This diet was by no 
means satisfactory; the mothers lost weight badly and the young were of 
small size, and some were weakly. In spite of these drawbacks, no spasms or 
abnormal symptoms of any kind were seen in the suckling rats when the 
mothers were receiving only 5 ° marmite, and with 2-5 % no spasms oc- 
curred, but some of the young showed slight incoordination of movement. 

3. Diet C (30 % caseinogen). One series of experiments only was made 
and the strength of marmite used was 15 %. All three litters were abnormal 
and exhibited typical spasms and screaming fits, so it is obvious that with 
a higher percentage of protein, the 15 % marmite is no longer sufficient to 
afford protection to the young. 

4. Test of diet A for freedom from vitamin B. This synthetic diet was 
expected to be free from vitamin B, but it was thought advisable to make 
a test on animals from the same stock as were being used for the other 
experiments. Accordingly 12 young rats (6 of each sex) were fed on diet 
A + water; the results were quite in agreement with those of other workers 


using a vitamin B-free diet. 
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RESULTS AND COMMENTS. 


The experiments described in this paper afford evidence that there is a 
definite relation between the protein content and the vitamin B of the lac- 
tating rat’s diet. Thus 15 % marmite afforded complete protection to the 
young when the mother’s diet contained 10 % of protein, almost complete 
protection when the mother rat was eating 20 % protein, but was quite 
inadequate for the higher protein intake (30 %). With a diet containing 20 % 
of protein, 20 % marmite afforded complete protection, and 15 °/ was almost 
enough, but with lower percentages of marmite the young became corre- 
spondingly worse (see Fig. 1) until with 5 % many died. 
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It is rather extraordinary that there appeared little difference in the con- 
dition of the young when the mother received 5 % or no marmite, especially 
since the 5 % level of intake appears to meet the needs of the young growing 
rat in respect of vitamin B (see second part of paper). A possible explanation 
may be that the 5 % is so little compared with what she really needs that it 
makes only a slight difference if she receives none. It is also remarkable that 
the rat can rear any young at all on a diet free from vitamin B. Presumably 
she does so at great expense to herself, for it is a well-known fact that the 
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mother safeguards her young by sacrificing her own tissues, as shown by 
great loss of weight. The young of mothers fed on a diet lacking in vitamin B 
are by no means normal, but 14 out of 40 survived weaning and eventually 
became healthy rats, though they were by no means fit for about two weeks 
after weaning (Fig. 2). 

Another point which is well illustrated in the experiments described here 
is that a considerable loss in weight of the mother rat frequently results in 
the survival of her offspring, while another mother on the same diet maintains 
her weight (or loses slightly) and her offspring all die (Fig. 2). This point has 
been alluded to in previous papers [Hartwell, 1921, 2, and Hartwell, 1924, 2]. 
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Diet B (10 % protein) gave very poor results. 

The mothers lost weight, and the young were undersized and weakly. 

It is probable that the low percentage of protein is responsible for these bad 

effects. With 15% marmite the young were still of low weight, though in 

rather better condition. It may be that the yeast protein is responsible for 

the improved condition. The mothers, on an average, ate 25g. food, 2.e. 


Diet A and no marmite, i.e. a synthetic diet containing no vitamin B. 
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2-5 g. caseinogen per day. With this they would receive 1-5 g. marmite, so 
it is conceivable that the protein ration of the synthetic diet was supplemented 
by the yeast protein. 

In spite of the young being weakly, no spasms were observed even with as 
little as 2-5 ° marmite, and since it is quite possible that weakly babies might 
be more susceptible to any deficiency in the mother’s milk, this may be an 
added proof of the proportional relation of vitamin B to protein in the lac- 
tating rat’s diet. The addition of large quantities of vitamin B to this low 
protein diet were ineffective in saving the mothers’ weights to any great extent. 
This is shown in the following table: 


Strength of Average loss in weight 
marmite of mother rat 
oO oO 
0 o> 
15 61 
5 70 
2-5 80 


> 


2. VITAMIN B REQUIREMENT OF THE LACTATING AND 
NON-LACTATING RAT (PRELIMINARY NOTE.) 

In a previous communication [Hartwell, 1924, 3] it was shown that, with 
diets rich in protein, the lactating rat must have a greater supply of vitamin B 
than at other periods of her existence, otherwise she is unable to rear her young. 
As a result of this work, the problem arose as to how much more vitamin B 
is required by the lactating than non-lactating rat. 
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Twelve young rats were fed on a diet consisting of 20g. caseinogen, 
64g. potato starch, 4g. salt mixture, 12g. butter (washed), 2g. marmite 
(which contain 27-35 % water). At the end of 6 months they were fit and 
healthy. Some of their growth curves are given as examples (Fig. 3). The 
rate of growth is better than that described by Donaldson [1924] as the 
normal curve for the rat. 

It was found with this diet that the mother rat required 6-8 g. marmite 
to enable her to rear her young successfully. 

This work proves that on an average diet (such as 20 % protein, etc.) 
the lactating rat needs at least 3-4 times as much vitamin B as does the 
non-lactating animal, otherwise she cannot rear her young. These results are 
in agreement with the work of Grant [1924] who found that a similar ratio 
existed between the needs of the lactating and non-lactating rat. 


SUMMARY. 


1. There is a quantitative relation between the protein and vitamin B 
in the lactating rat’s diet. On a synthetic diet containing 20 % caseinogen, 
6-8 g. marmite per 20 g. caseinogen are needed for the mother rat to rear 
her young; with 4g. marmite the babies exhibit spasms and screaming fits, 
while with 2 g. the young are in a still worse condition and the majority of 
them die. 

2. On a synthetic diet containing 20 % caseinogen the lactating rat 
requires at least four times as much vitamin B as does the young growing 
animal, otherwise she cannot rear her young successfully. 

3. The lactating rat can rear some of her young on a synthetic diet free 
from vitamin B, but she loses weight during the lactation period. Her young 
are weakly when weaned, but eventually recover. 

4. On a synthetic diet containing 10 % of caseinogen the lactating rat 
loses weight and her young are under-sized. 


The expenses of this research were defrayed by a grant from the Medical 
Research Council. 
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Tue colour reaction here to be described was discovered in the course of some 
work upon the sulphur constituents of tissue. Reference to the literature, 
however, revealed that the reaction had been applied previously in the 
specific case of cystine. As the reaction appears to be capable of wide appli- 
vation and is simple to carry out, it is proposed to give some account of it 
here and to mention a few of its applications. 

The actual test is simply a modification of the well-known nitroprusside 
reaction for the sulphydryl group, a solution of potassium (or sodium) cyanide 
being used instead of ammonia or other alkali. In the case of a solution con- 
taining a disulphide, a few drops of 5 % aqueous sodium nitroprusside are 
added, followed by 3-5 drops of 10 % aqueous potassium cyanide. The final 
reaction of the solution must be alkaline. If the disulphide is present in high 
concentration, the colour, a deep magenta, develops immediately; if present 
in low concentration, there is a delay of a few minutes. For example, an 
alkaline solution of cystine, containing 1 part in 1000, shows a slight delay 
and the colour may not reach its maximum intensity for 20 minutes. A solu- 
tion containing 1 part in 10,000 shows a somewhat longer delay and the final 
coloration is only a faint pink. This concentration (1 : 10,000) about re- 
presents the limit of sensitivity of the reaction. In the examination of tissues 
the test may be performed in the presence of a high concentration of am- 
monium sulphate, as recommended by Hopkins for the sulphydryl test. In 
all cases the colour remains stable for an hour or longer. It is important to 
note that the reagents used will give a similar colour with the —SH group, 
if such be present; this may be controlled by first testing with sodium nitro- 
prusside and ammonia. Furthermore, the slight delay which occurs in the 
disulphide reaction serves to differentiate it from the instantaneous colour 
given by sulphydryl compounds. 

With regard to the mechanism of the reaction, there can be little doubt 
that the cyanide effects the reduction of the disulphide grouping to the 
sulphydryl grouping and that the latter then gives the normal nitroprusside 
reaction. Mauthner [1912] showed that cystine is reduced to cysteine by 
aqueous potassium cyanide, and more recently Abderhalden [1923] has made 
use of this reducing power of cyanide in investigating the oxidation of cysteine. 
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Sullivan [1925], in describing a specific colour test for cysteine, states that 
this colour reaction is given by cystine in the presence of sodium cyanide, 
owing to the reduction of the cystine to cysteine by the cyanide. 

The following is a brief description of a number of miscellaneous applica- 
tions of the disulphide colour reaction. 

In the first place, all disulphides tested have given a positive reaction. 
These are oxidised glutathione, cystine, dithiodiglycol', dithiodiglycollic acid 
and diethyl disulphide. With regard to the application of the test to tissues, 
it has been possible to demonstrate the presence of a disulphide grouping 
(presumably due to cystine) in hair, nails and the horny layer of skin. The 
hair used was that from a piece of white calf-skin and it was necessary to 
soak it in dilute acid in order to obtain a distinct reaction. The test has also 
been applied successfully to tissue (skin and water-extracted muscle) in which 
the sulphydryl group had previously been oxidised by hydrogen peroxide. 

One case in which the colour reaction proved of use is described in the 
paper which follows this. 

Applied to normal urine the test usually gives a faint positive reaction, 
corresponding to a disulphide concentration of 1 in 10,000. At such a dilution 
no quantitative significance is attributed to the test. 

Harris [1923] has shown that native ovalbumin gives no sulphydryl 
reaction, but that on denaturation it gives a vivid reaction. He suggests that 
the precursor of the —SH formed on denaturation is not a —S—S grouping. 
The application of the disulphide reaction to native ovalbumin gives a negative 
result, thus substantiating Harris’s suggestion. 

Blood serum gives no —SH reaction, either in the native state or after 
coagulation. In the native state, serum gives only a very faint disulphide 
reaction, such as is given by a disulphide concentration of 1 in 10,000, although 
some two-thirds of its total sulphur is supposed to exist in the form of cystine. 
On the other hand, serum gives a vivid disulphide reaction after coagulation 
by heat. This change is thus analogous to that which occurs in ovalbumin, 
reading —S—S— for —SH, and is in agreement with the recent observation 
of Hopkins [1925] that thiol compounds react with serum proteins only after 
denaturation. What the precursor of the disulphide group is, it is difficult to 
say, but the facts suggest that the disposition of the cystine moiety in serum 
albumin is not simple. 


SUMMARY. 


A colour reaction for the detection of the disulphide grouping is described. 
The reagents used are potassium cyanide and sodium nitroprusside. 

A few illustrations of the applicability of the colour test are briefly 
described. 


2 
1 It was observed that this compound is readily reduced, both aerobically and anaerobically, 

by water-extracted muscle powder. Being neutral in reaction it should prove more serviceable 

than thioglycollic acid in the investigation of biological oxidations. 
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Harris’s suggestion, that the precursor of the sulphydry! group formed on 
denaturation of ovalbumin is not a disulphide linkage, is confirmed. It is 
also shown that blood serum in the native state gives no disulphide reaction, 
but gives a vivid reaction after coagulation. 


I wish to record my thanks to Professor Peters for his interest and advice. 
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CLV. THE SULPHYDRYL REACTION OF SKIN. 


By ERNEST WALKER. 
From the Department of Biochemistry, Oxford. 


(Received October 19th, 1925.) 


In a preliminary communication [Walker, 1924], describing a nitroprusside 
reaction given by skin, it was shown that this reaction is definitely located 
in the metabolically-active layers of the skin. At that time it was not realised 
that the nitroprusside reaction of skin had already been described by Buffa 
[1904], in a paper in which he deals with the colour reaction given by many 
tissues on treatment with nitroprusside and sodium hydroxide. There can be 
little doubt that the reaction is due to the presence of the sulphydryl grouping, 
and the view was advanced in the preliminary communication that the sub- 
stance responsible for the reaction was closely allied to the thermostable 
sulphydryl constituent of muscle, but was not identical with it. The only 
reason for considering the two constituents as not identical was based upon a 
slight difference in their respective reducing powers. Since then it has become 
apparent that this difference is simply one of degree and hence there is now 
no reason to suppose that different substances are responsible for the nitro- 
prusside reaction of skin and of water-extracted muscle. Another view, 
however, is taken by Kaye [1924] in a more detailed examination of the 
nitroprusside reaction given by skin. Kaye definitely attributes the reaction 
to the presence of glutathione, basing this conclusion on the statement 
that the substance responsible for the reaction can be washed out by 
water. This is a result which has never been obtained by me and, in fact, 
one of the main reasons for associating this skin constituent with the thermo- 
stable sulphydryl constituent of muscle was its resistance to extraction by 
water. It is the purpose of this paper to record the observations which have 
been made in the course of examining the sulphydry] reaction of skin. 


General Observations. 


The technique for examining skin for the sulphydryl reaction has already 
been described [Walker, 1924]. It is most conveniently demonstrated when 
the skin is in section, but a rough qualitative test may be carried out upon 
any piece of excised skin, the reaction showing along the cut edge. Many 
different types of skin have been examined; viz. mouse, rabbit, cat, sheep, 
pig, calf and human. The reaction is essentially the same in all cases, varying 
in degree somewhat with variation in the skin structure. In general, skins 
rich in hair give intense nitroprusside reactions. In human skin the sulphydry] 
layer is relatively thin; the only other skin examined which is comparable to 
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human skin in this respect is that of the pig. Nevertheless the sulphydryl 
layer of skin is to be found independently of the presence of hair, for it can 
be demonstrated in such hairless structures as the skin from the finger-tip, 
the female breast, and the eyelid. It is highly probable that a similar layer 
exists in all epithelial tissue and it is noteworthy that such a layer is readily 
demonstrable in the trachea (cat, rabbit), just as definitely located as in skin. 


Stability. 

Of all the skins examined calf-skin has proved the best for most experi- 
mental purposes and has been used throughout this investigation. The skin 
was clipped as free as possible of hair, and any subcutaneous tissue present 
was removed. The skin was used either fresh or after storage in alcohol. 
The skin-sections used varied in thickness between 0-25-0-5mm. Thinner 
sections (20) had been tried but the nitroprusside reaction observed in them 
was only faint and such sections are especially susceptible to oxidation. 

One of the earliest facts to become apparent was the general stability of 
the sulphydry] constituent of skin. In the first place, its post-mortem survival 
is very marked; skin examined three days after death gives a reaction not 
appreciably less intense than that of skin removed a few minutes after death. 
The skin may be stored in alcohol for several weeks without losing its 
sulphydryl reaction. It may be thoroughly dehydrated with alcohol and em- 
bedded in paraffin without its reaction being impaired. After this latter treat- 
ment it is, of course, necessary to dissolve away the wax and to steep the 
section in water before carrying out the sulphydry] test. 


Resistance to extraction. 

The sulphydryl constituent proved to be resistant to extraction with 
alcohol or ether. In my hands it has also proved equally resistant to ex- 
traction with water. Upon this latter point hinges the decision as to whether 
the sulphydryl reaction obtained is due to glutathione or not. It is certainly 
true that skin loses its sulphydryl reaction on prolonged immersion in water, 
but this is attributed to oxidation. It may be thought that the simplest way 
of testing for glutathione would be to extract a quantity of skin with water 
and to test the solution obtained for the nitroprusside reaction. This has 
been done several times without obtaining the slightest positive reaction in 
the fluid. The same negative result was obtained on extracting chopped skin 
with dilute sulphuric acid and with acidified saturated ammonium sulphate. 
It is significant that Kaye [1924] makes no mention of the extractant giving 
a nitroprusside reaction. In an endeavour to settle the point a number of 
sections (0-5 mm. thick) of fresh calf-skin were extracted six times suc- 
cessively with boiling water. The only effect upon the sulphydryl layer was 
to intensify slightly the nitroprusside reaction. Again, a number of similar 
sections were thrown into distilled water, previously boiled and cooled, covered 
with a layer of toluene and allowed to stand. Sections were removed and tested 
each day. The sulphydry] reaction was present until the fourth day. There- 
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after it could be shown that the oxidised compound (the —S—S— form) was 
still present in the skin at the end of 14 days. The test for the disulphide form 
is a modification of the ordinary nitroprusside reaction and is described in the 
preceding paper. 

Oxidation. 

The general stability of the sulphydryl layer has already been discussed. 
In particular, it is noteworthy that the layer shows considerable resistance 
to atmospheric oxidation. For example, a number of moist skin sections, 
0-3 mm. thick, were spread upon a strip of suspended muslin and were thus 
freely exposed to the air. Although the sections had shrivelled up within a 
few hours the sulphydry] reaction could still be demonstrated in them (after 
soaking them in M/120 acetic acid to restore their shape) after 72 hours. In 
the thinner (20-30) sections used by Kaye it is natural that oxidation should 
be more rapid. Even the thermostable sulphydryl constituent of muscle 
succumbs to oxidation when the muscle powder is exposed to the air in fine 
layers [Dixon and Hopkins, 1922]. Further, according to Kaye [1924], the 
sulphydryl layer of skin is “...stable to some degree against alkalies (lime- 
water and ammonia)....” This does not suggest glutathione. 

One further point of interest arose in examining the effect of allyl isothio- 
cyanate on the sulphydryl layer of skin. Treatment of skin in vitro with allyl 
isothiocyanate, either by painting it on the surface of the skin or by shaking 
up sections with an aqueous solution of the oil, causes complete disappearance 
of the sulphydry] reaction very rapidly. The skin so treated no longer gives 
a disulphide reaction, so that we are not dealing with a case of oxidation but 
probably of combination. Muscle thoroughly extracted with water is similarly 
affected by allyl isothiocyanate. 

Altogether it appears more reasonable to associate the sulphydryl layer of 
skin with the thermostable sulphydry] constituent of muscle rather than with 
glutathione. It is not unlikely that small amounts of glutathione are present 
normally in the sulphydry] layer of skin, analogous to the presence of gluta- 
thione in muscle. 

SUMMARY. 

No evidence has been obtained to show that the nitroprusside reaction of 
skin is due to the presence of glutathione. It is suggested that the reaction 
is due to the presence of a substance similar to (or identical with) the thermo- 
stable sulphydryl constituent of muscle. 

It has been found that skin rapidly loses its sulphydry] reaction under the 
influence of allyl isothiocyanate. 


I am grateful to Professor Peters for his interest and helpful criticism. 
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CLVI. STUDIES OF THE BACTERIAL DECAY 
OF TEXTILE FIBRES. 


II. A PRELIMINARY STUDY OF THE DETERIORATION 
OF SAMPLES OF ARTIFICIAL SILK THROUGH 
THE ACTION OF MICRO-ORGANISMS. 


By AAGE CHRISTIAN THAYSEN anp HENRY JAMES BUNKER. 


From the Bacteriological Laboratory, Royal Naval Cordite Factory, 
Holton Heath. 


(Received October 27th, 1925.) 


THE investigations described in this report comprise a number of preliminary 
exposure tests of four different types of artificial silk to the action of micro- 
organisms, made with a view to determining their rate of decay. The existing 
literature contains only one reference to the behaviour of artificial silk when 
exposed to the action of micro-organisms. In this reference Dorée [1920] 
reports that samples of cellulose acetate silk were exceptionally resistant to the 
destructive action of the cellulose-decomposing micro-organisms of sea water. 
In view of the growing importance of the artificial silk industry, the extension 
of these observations to other types of artificial silk, as well as to other 
forms of cellulose-decomposing micro-organisms, particularly those of the 
soil, was thought sufficiently important to justify a renewed enquiry. 

The experiments reported in the following pages should not be regarded 
as an exhaustive answer to this enquiry but rather as of a preliminary nature. 

The available material was of a very heterogeneous nature and consisted 
partly of skeins of artificial silks prepared by the viscose process, the Chardonnet 
process and the cuprammonium process, and partly of two types of fabric, 
a lighter and a heavier, woven from cellulose acetate silk, which is known 
commercially as ‘‘Celanese.” Since the number of filaments in the threads of 
the samples varied considerably and the thickness of the various filaments 
showed considerable divergencies! and since, also, some of the samples were 


1 The number of filaments in the threads were: 


Viscose aoe iti ane an 21 
Nitro aes ita cas ate 19 
Cuprammonium; more than soe 40 
Celanese (lighter) (warp and weft) 17 

~ (heavier) = 39 

The relative diameters of the filaments were: 

Viscose 0-9 
Nitro 1-0 
Cuprammonium 0-4 
Celanese 0-6 
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in the form of skeins, and others made up into fabrics, it will be realised that 
great care had to be shown in the interpretation of changes observed in the 
tensile strength of the samples during exposure. Furthermore, it had to be 
borne in mind that some of the silks might lose more of their tensile strength 
than others on prolonged contact with moisture, quite irrespective of the 
changes caused by micro-organisms. 

For the above reasons it was thought preferable when measuring the 
resistance of the various samples to rely on changes in the macroscopic and 
microscopic appearance of the filaments and on the number of micro-organisms 
present on them during and after exposure, rather than on changes in their 
tensile strength. 

It is realised that these criteria are not entirely satisfactory, since they 
indicate the more pronounced changes only. They are, however, on that account 
safer to adopt for such heterogeneous material as that used than the determina- 
tion of changes in the tensile strength of the filaments. 

The exposure tests carried out may be divided into three groups: A, tests 
in which the samples were placed anaerobically in a food solution favouring 
the development of cellulose-decomposing bacteria; B, tests in which the 
samples were fixed in square frames buried vertically in a light garden soil 
and reaching to a depth of 30 cm., thus ensuring a thorough exposure to the 
action of aerobic and anaerobic cellulose-decomposing micro-organisms of the 
soil; C, tests in which the samples were fixed in square frames and submerged 
in sea water, conditions which in previous experiments had been found to 
ensure exposure to the action of the cellulose-destroying micro-organisms of 


the sea. 
The observatious made in these various tests are recorded below in tabular 


form. 


Series A. Rate of destruction of artificial silks exposed to the action 
of a culture of cellulose-decomposing micro-organisms. 


In this series the various samples were placed in 500 cc. flasks filled with a 
medium consisting of peptone 0-1 %, di-potassium hydrogen phosphate 0-1 %, 
magnesium sulphate 0-1 %, sodium chloride 0-1 % and ammonium sulphate 
0-2 %. Each flask was inoculated with 2 cc. of a culture containing anaerobic 
cellulose-decomposing bacteria and incubated at 37°. 

Under the conditions of this series of experiments the cellulose acetate silk 
and the nitro silk were probably not attacked by the anaerobic cellulose- 
decomposing bacteria used. The sample of viscose silk showed less resistance 
to these forms than the first two mentioned but was still considerably more 
stable than the cuprammonium sample, which deteriorated completely within 
a fortnight, an even faster rate than that shown by a sample of raw cotton, 
of Indo-American origin, which, during that time, had been damaged to 57 %, 
estimated by the swelling test [Fleming and Thaysen, 1921]. 
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Days’ 
exposure Cuprammonium 
at 37 silk 
5 Sample is reduced 
to a pulp. The fila- 
ments show bad 
fraying. Sulphur- 
etted hydrogen is 
evolved 
13 Only few filaments 
remain. Sample 
discarded 
19 -- 
26 — 
33 _ 
40 — 
47 — 
103 - 
138 — 
200 — 


Table I. 


Viscose silk 
Sample is yellowish, 
discoloured. The 

filaments show 
some fraying. Sul- 
phuretted hydro- 
gen is evolved in 
small quantities 
Sample is discolour- 
ed and slimy. The 
edges of the fila- 
ments are more 
jagged than before 
Little change 


The filaments are 
getting appreci- 

ably weaker and 
their edges more 
jagged 

No further change; 
re-inoculated 

The filaments now 
form a slimy mass 
Little remains of the 
filaments. Sample 
discarded 
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Chardonnet silk 
(nitro silk) 
Sample is not dis- 
coloured; there is no 
evidence of damage 
to the filaments. 
Sulphuretted hyd- 
rogen is evolved 


Sample still un- 
damaged 


Sample still un- 
damaged 

No change; re-in- 
oculated with a 
fresh culture of cel- 
lulose-destroying 
micro-organisms 

No change; re-in- 
oculated 

No change; re-in- 
oculated 

No change; re-in- 
oculated 


Some of the fila- 
ments feel a little 
weaker and are dis- 
coloured slightly 
yellow; re-inocu- 
lated 

Though weaker, the 
filaments show no 
microscopic signs of 
decay; re-inoculat- 
ed 

No further change 





Celanese silk 
(cellulose 
acetate silk) 
No change 


No change 


No change 


No change; re-in- 
oculated with a 
fresh culture of cel- 
lulose - destroying 
micro-organisms 
No change; re-in- 
oculated 

No change; re-in- 
oculated 

No change; re-in- 
oculated 


No change; re-in- 
oculated 


No change; re-in- 
oculated 


No change 


Series B. Rate of destruction of samples of artificial silk buried 
in a light garden soil. 


The rate of decay of the samples exposed in the soil was of the same order 





as that observed in the laboratory anaerobic experiments, the cuprammonium 
sample going first, the viscose sample next. In the soil, however, the nitro 
sample was also affected and its resistance was only a little greater than that 
of the viscose silk. The cellulose acetate silk remained unaffected even after 
30 weeks’ exposure. When examined after 27 weeks, the heavier cellulose 
acetate fabric showed a greenish patch about 5 cm. from the top. On micro- 
scopic examination this was found to be due to a green coenocytic filamentous 
alga. The fabric was not damaged, however, and remained normal throughout 
the test. That this resistance was not due to the absence of cellulose-decompos- 
ing micro-organisms was shown experimentally by the inoculation of flasks, 
such as those already described, containing filter paper and food solution with 
pieces of the exposed fabrics added. The filter paper of these flasks was 
invariably found to be decomposed after 8-14 days’ incubation. 
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Table IT. 


Celanese silk 
Light and heavy 


Weeks’ 


exposure Cuprammonium 


The filaments are 
now a slimy mass. 
Sample discarded 


resistant though 
the fraying of the 
edges of the fila- 
ments has increased 


in the soil silk Viscose silk Nitro silk fabric 
2 No change No change No change No change 
3 Some of the fila- Many of the fila- Some of the fila- No change 
ments show frayed ments beginning ments beginning to 
edges and on to fray at the fray at the edges 
gentle pulling the edges. The threads 
threads break ata are discoloured 
spot about 15cm. pink 
from the surface of 
the soil 
4 The filaments show The fraying hasnot Many of the fila- No change 
much fraying. The advanced very ments now show 
threads break fair- much.Thethreads fraying atthe edges. 
ly easily on gentle are nevertheless The sample is never- 
pulling very easily broken. theless still strong 
The pinkdiscolora- and does not break 
tion is intensified easily 
5 The fraying at the No appreciable No appreciable No change 
edges of the fila- change change 
ments has increas- 
ed. The threads 
break at the slight- 
est touch 
6 In a very poor con- Slightly more pro- Perhaps slightly No change 
dition; the bulk of nouncedfrayingat more fraying at the 
the sample is a the edge of the edges of the fila- 
slimy mass. filaments ments 
Sample discarded 
7 _— The filaments are Stronger than the No change 
more markedly viscose sample; the 
frayed and the fraying of the edges 
threads break of the filaments is 
easily on gentle more marked than 
pulling. The last week 
threads feel slimy 
8 — Markedly weaker. Thethreadsarefairly No change 


The various samples exposed in the soil were subjected to a bacteriological 


analysis on each examination in order to determine whether an increase in 
the secondary micro-flora of these samples occurred during exposure. As is 
known, it is not possible, or at least is very difficult, to isolate cellulose- 
decomposing bacteria in pure culture; the enumeration of these organisms on 
a given sample of material is therefore not feasible. But an increase in the 
readily cultivable secondary micro-flora, which under natural conditions is 
associated -with the cellulose-decomposing bacteria and lives on their decom- 
position products, cellobiose and glucose, indicates an activity of the latter. 
A sudden rise therefore in the numbers of this secondary flora can generally 
be regarded as a sign of an increased activity of the cellulose-decomposing 
micro-organisms, parti¢ularly when no other cause for an increase is apparent, 
such as the addition of food materials or seasonal changes in the soil flora. 
For the bacteriological analyses 1 g. of the material to be examined was 
shaken vigorously for 2 hours with 9 cc. of physiological saline solution and 
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this standard suspension plated out on the following media: ordinary nutrient 
agar, wort agar, cellulose agar prepared according to the formula of McBeth 
and Scales [1913], nutrient gelatin, and glucose agar under anaerobic con- 
ditions (Burri tubes). 

The result of these analyses showed that there was a marked rise in the 
numbers of the secondary micro-flora in each case, the rise being noticeable 
first in the cuprammonium silk, a week later in the viscose silk, and three 
weeks later in the nitro silk. A slight increase in the secondary micro-flora of 
the cellulose acetate silk took place nine weeks after the increase had occurred 
in the cuprammonium silk. 

The presence of both aerobic and anaerobic cellulose-decomposing bacteria 
on the various samples of exposed artificial silks was confirmed experimentally 
by inoculating samples of the exposed silks into a medium containing filter 
paper and suitable for the growth of cellulose-fermenting bacteria. In every 
case, even where exposed Celanese silk was used, the filter paper became 


decomposed. 


Series C. Rate of destruction of samples of artificial silk submerged 
in sea water. 


The samples of series C were fixed in square aluminium frames and sub- 
merged in the sea at the jetty of the Royal Naval Cordite Factory, at a 
place where previous investigations had shown cellulose to become readily 
destroyed. 

In Table III (p. 1093) the observations made in this series of exposure 
tests are recorded. 

The rate of decay of all samples was markedly faster in the sea than in the 
soil. This on the whole confirms previous observations made with other types 
of textiles. More noteworthy is the fact that the difference in the rate of 
decay between the first three artificial silks named has been almost completely 
obliterated in the sea exposure tests. The only marked resistance to decay is 
that observed in the cellulose acetate samples. The enumeration of the second- 
ary micro-flora present on the decaying samples of this series offered little 
information of interest, and did not show the increase observed in the case 
of the samples buried in the soil. It was established that both aerobic and 
anaerobic cellulose-decomposing micro-organisms were present on all the 
submerged samples which showed definite signs of decay. Before such decay 
had commenced, cellulose-decomposers were absent from the textiles. 


CONCLUSIONS. 


From the experimental data collected in the three series of exposure tests 
it may fairly safely be concluded that the samples of cellulose acetate silk 
tested showed the greatest resistance to micro-biological destruction. Dorée’s 
observations have thus been confirmed. Evidence has also been obtained of 
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a varying degree of resistance among the other types of artificial silk examined, 
the order of merit of the samples tested being nitro silk, viscose silk and 
cuprammonium silk. 


Table III. 


The temperature of the water varied between 11-5°-14-0° 
during the exposure trials. 


Weeks’ 
ex- 
posure 
of 
samples Cellulose acetate silk 
in the Cuprammonium Viscose Nitro — UW 
sea silk silk silk Light fabric Heavy fabric 
1 Most of the fila- Same ascupram- Same ascupram- No change No change 
ments show monium sample monium sample 
frayed surface 
2 The fraying of Thefraying of Same as viscose No change No change 
the surface of the surface of sample 
the filamentsis the filaments 
much more has increased 
rharked. The but the sample 
threads break does not break 
fairly easily as readily as 
the cupram- 
monium sample 
3 Sample almost The destruction Same as the No change No change 
completely de- ofthefilaments viscose sample 
stroyed has progressed ; 
the sample is 
however  dis- 
tinctly superior 
to the cupram- 
monium sample 
4 Sample reduced Sample almost Same as the No change No change 
toaslimymass completely de- viscose sample 
composed 
9 - No change A few of the 
filaments show 
frayed surface 
10 — — Though the The number of 
fabric tears filaments show- 
fairly readily ing frayed sur- 
there isnosign face has in- 
of damage to creased 
the filaments 
ll — -- No further Considerably 
change worse. The 
damage to the 
filaments is 
more pro- 
nounced and 
the fabric tears 
readily 
12 oe — — Both samples are now badly de- 


cayed. The thinner fabric is still 
superior to the heavier and shows 
a considerable number of normal 


filaments 


In endeavouring to-account for this difference, it strikes the observer that 
the most resistant form of artificial silk is that in which the cellulose is present 
as a fully saturated ester. The sample next to this, the nitro silk, is one in 
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which the cellulose had been at one time a fully saturated ester. In the viscose 
silk the cellulose may have been esterified but certainly not completely. In 
the least resistant sample, the cuprammonium silk, the cellulose was present 
in a hydrated form which had not in any way been chemically combined 
with acids. It would appear desirable to determine how far a preliminary 
esterification of cellulose offers a means of protecting it against micro-biological 
deterioration. 

Another point which has undoubtedly to be considered in endeavouring to 
elucidate the difference in resistance shown by the various artificial silk samples, 
is their crystalline nature. Of the four types included in the experiments the 
cellulose acetate silk has been definitely shown to be of an amorphous nature 
[Herzog and Jancke, 1920], whilst cellulose precipitated from cuprammonium 
solution and viscose silk are both crystalline, like untreated cellulose. The 
structure of nitro silk is, it is believed, as yet undetermined. 

In this connection it is interesting to recall that a difference in resistance 
to enzymic decomposition was observed by Pringsheim and Aronowsky [1922] 
between ordinary inulin and inulin which had been obtained from inulin 
acetate by hydrolysis. Of these, the former was crystalline and the latter 
amorphous. 

It is intended to continue the study of the resistance of artificial silks from 
the two above-mentioned points of view. 


SUMMARY. 

The rates of destruction of four different types of artificial silks on exposure 
to the action of micro-organisms have been studied. It has been established 
that the rate varies considerably, being slowest in the case of cellulose acetate 
silk and quickest in the case of cuprammonium silk. 

This difference may possibly be due either to physical or to chemical 
differences in the various types of artificial silk. 


The above experiments were carried out on behalf of. the Fabrics Co- 
ordinating Research Committee of the Department of Scientific and In- 
dustrial Research at the Bacteriological Laboratory of the Royal Naval 
Cordite Factory, Holton Heath. The authors desire to express their thanks to 
the Department of Scientific and Industrial Research and to the Admiralty 
for permission to publish the results obtained. 
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INTRODUCTION. 


Wuart becomes of the blood-sugar which disappears in such large amounts 
after the injection of insulin still remains an unsolved problem [ Macleod, 1925]. 

Though it is recognised that the red blood corpuscles play an important 
part in many physiological functions, no one has expressed the view that they 
might occupy an equally important réle in the mechanism of the action of 
insulin. That this might be so, however, was suggested by the results of certain 
investigations, to be communicated later, which have been in progress in this 
laboratory for some time. Briefly stated, our view was that insulin in the 
presence of the erythrocytes of living blood caused glucose to combine with 
certain of the other blood constituents, thereby forming a non-reducing 
complex probably containing both nitrogen and phosphorus, which thereafter 
found its way to all the tissues of the body, more especially to the liver and 
muscles, to be utilised or stored as required. This would naturally be a normal 
physiological process; but on the injection of insulin in a normal healthy 
animal the reaction would be so accentuated that though the reducing pro- 
perty of the whole blood or of the blood-plasma would be greatly diminished, 
the blood itself would still contain the greater part of the sugar, which, being 
now present in a combined state, would only be detected on hydrolysis. 

To test the particular point in question a series of experiments was planned, 
and while these were in progress Scott and Best [1924] published a communica- 
tion, in which they suggested “that the mechanism for the rapid disappear- 
ance of sugar from the blood is to be found in the blood itself.”” They report, 
contrary to the observations of McCormick, Macleod, Noble and O’Brien 
[1923], that while the reducing power of the blood of normal animals is usually 
only very slightly increased by hydrolysis, that of animals rendered hypo- 
glycaemic by insulin, when similarly hydrolysed, shows a pronounced increase 
in reducing power, being equal to 70 % of that of the original normal blood. 
As no details of experimental results or methods have been published by these 
workers, it is difficult to say whether or not our findings are in agreement. 
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EXPERIMENTAL. 


The majority of the experiments were carried out on rabbits. The animals 
used were deprived of solid food for 16-20 hours, and were all of approxi- 
mately the same weight, about 2-9 kg. The blood was removed from the ear 
vein by means of a 20 cc. Record syringe and transferred immediately to two 
centrifuge tubes of approximately 10 cc. capacity containing a trace of finely 
powdered potassium oxalate to prevent coagulation. 

A number of capillary tubes, usually four, were then charged with blood 
for the determination of the relative volume of corpuscles and plasma by the 
method described by Harvey [1920]. 

After the normal blood samples were drawn, the animals were injected 
subcutaneously with comparatively large doses of insulin (15-20 units). Two 
hours later, or on the appearance of convulsions, samples of blood were again 
removed from the ear vein as described above. 


Determination of sugar content of plasma and corpuscles. 


With the minimum of delay the tubes containing the blood samples were 
centrifuged for 10 minutes at approximately 4000 revolutions per minute. It 
was found that under this treatment the corpuscles and plasma are satis- 
factorily separated, as further centrifuging did not alter the relative volumes. 
By means of a capillary pipette the plasma was then removed carefully and as 
completely as possible without disturbing the corpuscular layer, following the 
method of Wu[1922], and the sugar content of the plasma and of the corpuscles 
determined by MacLean’s method [1919]. 

In connection with the determination of the sugar content of the corpuscles 
it was found in the preliminary experiments that complete laking of the 
corpuscles by water previous to the addition of the sodium sulphate solution 
did not materially affect the results. Consequently in the later experiments 
the corpuscles were treated exactly as whole blood. 


The reducing power of protein-free filtraies after hydrolysis. 

At the same time, protein-free filtrates obtained by MacLean’s method from 
the plasma and also from the corpuscles were hydrolysed by heating with 
sulphuric acid for half an hour under a reflux condenser, | cc. of 25 % sulphuric 
acid being employed for every 20 cc. of filtrate. After cooling, the sulphuric 
acid was exactly neutralised by the addition of the necessary volume of a con- 
centrated solution of sodium carbonate, and the sugar content then determined 
by means of MacLean’s copper reagent. 

It may be well to add that in the first experiments on the determination 
of the sugar content of protein-free filtrates after hydrolysis, the results 
obtained were very high. This was traced to the use of an excess of sodium 
carbonate, so that, although MacLean’s process furnishes us with an excellent 
method for the determination of sugar in whole blood, care must be taken in 
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applying this and similar methods to other work where the conditions may be 
somewhat altered. The recent paper by Quick [1925] on the effect of sodium 
carbonate concentration in the Benedict sugar method is pertinent in this 
connection. 


The reducing power of plasma and corpuscles after hydrolysis. 


Samples of plasma and of corpuscles were also hydrolysed directly as 
follows: 1 cc. plasma (or corpuscles) was added to 99-5 cc. sodium sulphate 
solution, 5 cc. 25 % sulphuric acid added, and the mixture refluxed for | hour. 
It was then cooled, exactly neutralised with 14-5 cc. sodium carbonate solu- 
tion, and, after the effervescence had ceased, treated with 5 cc. of ‘‘ dialysed 
iron.” After thorough shaking, the mixture was filtered through a Whatman 
No. 40 paper of 9 cm. diameter, and 20 cc. samples of the filtrate used for the 
sugar estimation. 

No difficulty was experienced in obtaining water-clear filtrates from either 
plasma or corpuscles, but while no irregularity resulted with filtrates from 
plasma, those from the corpuscles invariably gave slight biuret reactions and 
consequently contained small amounts of protein material. As this could not 
be removed by modifying the conditions of the precipitation, it was evidently 
of the nature of a proteose or peptone—probably derived by hydrolysis of 
the histone, globin. The determination of the reducing power of the corpuscles 
after direct hydrolysis is thus rendered unreliable, and it is difficult to estimate 
how far the presence of, say, peptone, interferes with the process. Tests with 
Witte’s peptone proved that high values would result in determining the 
reducing power of a solution either by MacLean’s or Hagedorn and Jensen’s 
methods [1923], if peptone were present to the extent of 0-03-0-05 %. 
Consequently this source of error should be guarded against in work of this 
type. 

In order to make clear the discussion which follows, the results of some 
typical experiments are given in Table I. As already indicated, the majority 
of the experiments were conducted on rabbits, but similar results were also 
obtained with rats. 


Table I. Normal rabbit before insulin. 








A B C C-A 
can E ae a An ee c ane Fe. ( a er on 
Animal Plasma Corps. Plasma Corps. Plasma Corps. Plasma _ Corps. 
no. % % % % % % % % 
2 0-136 0-050 — — 0-136 0-0634 0-0 0-013 
3 0-166 0-040 0-170 0-076 0-166 0-096 0-0 0-056 


Normal rabbit after insulin. 


2 0044 0030 — ss 0-045 0-079 0-001 0-049 
3 0-036 0-038 0060  — 0-039 0-125 0-003 0-087 
4 0-053 0-039 0-063 0-067 0-058 0-106 0-005 0-066 


(A=before hydrolysis. B=after hydrolysis of “protein-free” filtrate. C=after direct hydrolysis.) 
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Further, as the relative volumes of plasma and corpuscles had been deter- 
mined in most cases, it was possible to calculate the values for the whole 
blood. These are given in Table IT. 


Table II. Sugar content of whole blood before and after hydrolysis. 


Before After 
hydrolysis hydrolysis Increase 

Animal % % % 
1. Normal rabbit 0-136 0-155 0-019 
2. so 56 0-107 0-112 0-005 
3. 99 »» 0-122 0-141 0-019 

4 9 0-128 — —_ 
rat 0-093 0-110 0-017 


Average increase =0-015 %. 


2. Insulin rabbit 0-039 0-056 0-017 
.. - " 0-037 0-068 0-031 
S . 0-049 0-071 0-022 
* rat 0-057 0-113 0-056 


0-025 0-055 0-030 


Average increase = 0-031 %. 


DISCUSSION OF RESULTS. 


Changes in the whole blood. The results indicate that the sugar content of 
the blood in the case of the normal rabbit or rat is only slightly increased on 
hydrolysis. In animals rendered hypoglycaemic by insulin the actual increase 
in reducing power brought about on hydrolysis is, on the average, about 
twice as great as that obtained with normal animals. When due account is 
taken of the usual increased reduction after hydrolysis, apparently 14-20 % 
of the sugar disappearing from the blood would be accounted for. 

Influence of insulin on corpuscle sugar and plasma sugar. Inspection of the 
results in Table I show that the percentage of free reducing material in the 
corpuscles is very small and remains practically unchanged before and after 
the injection of insulin. In fact, this material would seem to correspond very 
closely to the non-glycolysable and non-fermentable reducing substances 
recently proved to exist in blood by Hiller, Linder and Van Slyke [1925]. 
The plasma sugar, on the other hand, has a comparatively high initial value, 
and on the administration of insulin, falls very nearly to the value of that 
present in the corpuscles. 

Changes on hydrolysis. On hydrolysis the plasma sugar remains practically 
unaltered in both the normal and insulin-treated animal, whereas the corpuscle 
sugar increases in both cases. This behaviour is contrary to expectation and 
points to the fact that if a complex non-reducing compound be formed as the 
result of the injection of insulin, the compound does not remain in the plasma, 
but may, to a certain extent, be associated in some manner with the corpuscles. 

As only about one-sixth of the vanished sugar can thus be accounted for, 
our original hypothesis cannot be maintained, and it seems more likely that 
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a non-reducing sugar complex is formed in the blood and immediately dis- 
tributed among all the tissues of the body. It is also probable that the different 
kinds of tissue may be able to hold varying amounts of the complex, so that 
liver and muscle tissues may take up a greater proportion than other tissues. 
The red blood corpuscles are thus regarded as a type of tissue, and consequently 
they would get their share of the glucose which disappears from the blood- 
plasma. 

Whether the results of our experiments support this view is unfortunately 
rendered doubtful, for at this stage the analyses become unreliable because 
of the simultaneous production and interfering action of hydrolysed proteins. 
In the experiments under consideration, however, the error introduced should 
be of the same order in the case of blood taken in the normal and in the hypo- 
glycaemic condition, and as, so far, greater values have always been obtained 
in the latter, it seems possible that the difference may be due to the action of 
insulin. The amount of this difference is not large, and though well beyond 
the usual experimental error, may still be accounted for in this way; but it 
must be remembered that if the view indicated above be correct, only a small 
difference could possibly result. One hesitates, however, to draw the definite 
conclusion that insulin brings about the conversion of the glucose present in 
the plasma into a non-reducing complex, which then becomes combined in 
some manner with the tissues, amongst which are included the red blood 
corpuscles. The results communicated in this paper, if not conclusive, are, at 
least suggestive, and the work is being continued in the hope that it may help 
to solve the mystery of what is the most interesting and fundamental problem 
in connection with the action of insulin. 


SUMMARY. 

1. The reducing power of the corpuscles of the blood of the normal rabbit 
is comparatively low, and is not influenced to any extent by the injection of 
insulin. 

2. The reducing power of the plasma of the blood is comparatively high, and 
under the action of insulin falls to the level of that possessed by the corpuscles. 


3. On hydrolysis, the plasma sugar is little affected either before or after 
insulin, whereas the reducing power of the corpuscles increases in both 
conditions. 

!. Part of the increase in reducing power of the corpuscles after hydrolysis 
is due to the interfering action of peptone produced by the hydrolysis; but, 
as the increase is greater after insulin than in the normal condition, it suggests 
that a non-reducing glucose complex may be formed which attaches itself in 
some way to the tissues, including the red blood corpuscles. 

5. About a sixth part of the sugar disappearing from the plasma after 
insulin may be accounted for by the erythrocytes acting in this manner, but 
no definite conclusion can be drawn. 


Bioch. x1x : 69 
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6. It is pointed out that certain experimental difficulties may arise in 
applying the usual methods of estimating sugars to “hydrolysed” solutions. 


All the animal experiments necessary for this work were carried out by 
Professor Herring, to whom I am greatly indebted not only for this service 
but also for much valuable advice throughout the research. 
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(Received November 2nd, 1925.) 


In the first paper of this series [Stewart, 1925] it was reported that liver 
perfusion experiments had failed to afford any evidence in support of the 
suggestion, advanced by Ackroyd and Hopkins [1916], that arginine and 
histidine are utilised in the animal body as precursors of purines. As was 
there pointed out, however, the evidence derived from the perfusions, while 
unable to confirm the hypothesis, was equally unable to invalidate it, and so 
did nothing to remove the uncertainty as to the function of arginine and 
histidine which has been produced by the contradictory results of subsequent 
workers. 

It appeared, therefore, that a repetition of the work of Ackroyd and 
Hopkins might be useful to confirm the experimental basis on which their 
conclusions were founded. Further, such a series of experiments might throw 
some light on the cause of the contradictory results which have been published. 
For it is noticeable that, whereas Ackroyd and Hopkins and also Harding 
and Young [1919], who obtained similar results, employed young growing 
animals in their experiments, others, like Lewis and Doisy [1918], who failed 
to find any connection between purine excretion and histidine and arginine 
intake, employed adult animals. Indeed, Harding and Young remark, as a 
possible explanation of the discrepancies, that in the adult animal there may 
be a cessation or serious impairment of many synthetic processes which are 
active in the young. There already exists, of course, some evidence for such a 
state of affairs in the case of tryptophan. Although, as has been abundantly 
proved by the work of Hopkins and Willcock [1907] and others, young animals 
are unable to maintain growth on a tryptophan-free diet, Osborne, Mendel and 
Ferry [1912] have succeeded in keeping adult animals for 178 days on a diet 
containing no tryptophan without appreciable loss of weight. 

The feeding experiments reported in this paper were thus undertaken for 
a twofold purpose: to confirm the experimental foundation of the suggestion 
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that histidine and arginine are used as purine precursors and are interchange- 
able in metabolism, and, by comparing the behaviour of adult and growing 
animals, to attempt an explanation of the divergent results which have been 
obtained hitherto. 


EXPERIMENTAL. 


Four experiments, in each of which two rats were used, are described. 
The animals were all bred from Wistar Institute stock, and were all females. 
In Exps. 1 and 2, which were designed to test the effect of arginine and 
histidine deficiency on adult animals, the four rats were from the same litter, 
and had passed the menopause. In Exps. 3 and 4, again, all four rats were 
from the same litter, but were started on the experimental diet when their 
weight was nearly 50g. The pairs of rats were kept in cages of the type 
described by Ackroyd and Hopkins [1916], and the temperature was kept as 
constant as possible. For the greater part of the time it remained at about 
65° F., but occasionally, during the hot weather, it rose to 70° F. The animals, 
however, did not appear to suffer and continued to eat well. 

For the collection of the urme and removal of contaminating faeces and 
food particles, the apparatus described by Ackroyd and Hopkins was em- 
ployed. The funnel in which the cage stood was washed down with warm 
water several times each day, the urine and washings being at once transferred 
to a stoppered flask containing a little chloroform and sufficient acetic acid 
to keep the mixture definitely acid. The flask was kept in an ice-chest and 
the week’s collection made up to a convenient volume—usually 500 cc.—for 
analysis. 

The total nitrogen in the urine was determined by a micro-Kjeldahl 
method. After removal of ammonia, Wiechowski’s method [1913] was em- 
ployed for the determination of allantom. In the final stage, however, after 
precipitation of the allantom by the mercuric acetate reagent, the nitrogen 
content of the precipitate was determined by the Kjeldahl method, a pro- 
cedure which preliminary experiments had shown to be reliable. 

The diets used were prepared in the manner described by Ackroyd and 
Hopkins. In the control diet the percentage of nitrogen (2-1) was rather lower 
than in the particular example given by these authors (3-12), although they 
state that they used diets containing as little as 2-0 % of nitrogen. Tryptophan 
was added to the extent of 1-5 %, and cystine to 0-5 % of the weight of the 
caseinogen originally taken for hydrolysis. 

The vitamin supply was drawn partly from the fresh butter used to 
provide the fat of the diet, and partly from marmite, a commercial yeast 
extract. The marmite was ground with plaster of Paris and extracted with 
absolute alcohol. Since the extract contained purines and amino acids, it was 
evaporated to dryness and the residue dissolved in a little water. Silver 
sulphate was added in quantity for complete precipitation first in acid, and 
second in alkaline solution (baryta was used in making the mixture alkaline). 
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After complete removal of silver, barium, and sulphate ions, the solution, 
now free from purines, and giving no more than a trace of colour with diazo- 
benzenesulphonate, was evaporated to a syrup, which was mixed with starch 
and, after drying in a vacuum desiccator, incorporated into the diet in the 
proportion of 5 g. of original marmite to 100 g. of original caseinogen. No 
doubt, in the silver precipitations a certain amount of vitamin was carried 
down, but, as control experiments showed, the supply was adequate for 
satisfactory growth. 

The removal of histidine and arginine from the hydrolysed caseinogen was 
accomplished by the silver precipitation method of Kossel and Kutscher, 
using silver sulphate and making alkaline with baryta. After quantitative 
removal of silver, barium, and sulphate ions the solution was evaporated in 
vacuo. When care was taken to add a liberal excess of silver, the resulting 
syrup was free from all but the merest traces of arginine and histidine. Samples 
of the syrup corresponding to 1 g. caseinogen, dissolved in 5 cc. water, gave 
neither the diacetyl test for arginine nor the diazobenzenesulphonate test for 
histidine. 

In those diets from which only one of the diamino acids was to be absent, 
the other was restored to the silver-precipitated mixture. For every 100 g. 
original caseinogen, 2 g. amino acid were added, 7.e. approximately the amount 
present in the protein. No attempt was made to discover the minimum amount 
of either histidine or arginine requisite for maintenance or growth, and the 
amount actually added supplied the animals with a very large excess over 
the quantity which would be needed to produce the allantoin excreted. 

Throughout the experiment the animals received a diet containing the 
same proportion of fat, carbohydrate and nitrogen. The diets at the different 
stages of the experiment differed only in the presence or absence of arginine 
and histidine. The consumption of food was good throughout, and though the 
daily consumption per pair of rats varied by a gram or two, the weekly 
averages were fairly uniform and showed no tendency either to fall or rise 
during the critical periods of the experiments. Thus in Exp. 4 (rats VII and 
VIII) the daily food consumption per rat varied only from 5:8 to 6-7 g. 


RESULTS AND DISCUSSION. 


1. The effect of histidine and arginine deficvency on young rats. 

Fig. 1 shows the rate of growth of the young animals during the experi- 
mental period. At first, while the control diet containing a complete supply 
of amino acids was being given, growth proceeded at a rate which, though 
rather less than normal, may be regarded as satisfactory. Since each curve 
gives the combined weight of two rats, the average daily increase per rat 
was about 0-75 g. On a diet of bread and milk, similar rats were growing at 
the rate of about 1 g. per day. The withdrawal of histidine and arginine brought 
about a complete change. At once the animals ceased to grow in spite of an 
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undiminished food consumption, and during the period in which this deficient 
diet was being given, they lost weight at an average rate of 0-4 g. per day. 
When histidine was restored to the diet of rats VII and VIII, growth was resumed 
and proceeded at a rate which was unaltered when arginine was restored as 
well, so that the animals were once more receiving the complete amino acid 
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Arginine and histidine removed from diet. 
Arginine and histidine restored to diet. 


Arginine alone restored to diet. 
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Histidine alone restored to diet. 


The case of arginine is not so clear. During the period when this amino 
acid was present in the diet while histidine was absent (rats V and VI), there 
was a preliminary fall in weight—or rather continuation of the fall—followed 
by a definite rise over a week and a second slight fall. The net result of a 
fortnight’s feeding on this diet was a very slight increase in weight, very much 
less than the increase during the similar period in the case of rats VII and VIII. 
The restoration of the complete amino acid mixture was again accompanied 
by satisfactory growth. This result does not support that of Ackroyd and 
Hopkins who suggested that arginine and histidine are essentially equivalent- 
i.e. interchangeable—in metabolism. Certainly the method of carrying out the 
experiments differs in one respect from that employed by Ackroyd and 
Hopkins, although the difference does not appear to be significant. Their 
animals, after a period on the control diet, received a diet which contained 
arginine but not histidine (or vice versa); they never, as in the experiments 
reported in this paper, had one or other of the amino acids restored to a diet 
deficient in both. 
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The fact that on the restoration of arginine to the diet of rats V and VI 
the fall in weight ceased and the animals succeeded in maintaining themselves 
at the lower level (if not in growing, for, if one neglects the fall immediately 
after the resumption of arginine feeding—a fall which occurs also in the case of 
rats VII and VIII when histidine was first restored—there is a definite increase 
of weight) may perhaps be significant. It is not in agreement with the observa- 
tion of Rose and Cox [1924] who found that arginine, as carbonate or nitrate, 
entirely failed to prevent the loss in weight. That statement is absolutely 
definite, and quite justified by their experimental observations, but so is the 
exactly opposite one of Ackroyd and Hopkins. 

The three results are not explicable on the assumption that varying amounts 
of arginine had escaped precipitation in the preparation of the “deficient” 
diets. There is no test for arginine comparable in delicacy with the diazo- 
benzenesulphonate test for histidine, and, as Rose and Cox point out, the 
silver salt of arginine is more soluble than that of histidine, so that it is 
probable that traces, at any rate, of arginine remained in the deficient diets 
Nevertheless, if lack of arginine be partly responsible for the fall in weight 
which does actually occur when it and histidine are withdrawn from the diet 
(or if it and histidine are interchangeable), it follows that the residual minute 
amount cannot be sufficient for the animal’s needs, and that, consequently, 
there should be some resumption of growth when arginine is restored; in no 
case should the fall in weight continue. Such fall in weight can only mean 
that arginine is not concerned in the nutritional failure which is being 
manifested, in which case the completeness or otherwise of its removal is 
unimportant. 

Contamination with histidine of the arginine used by Ackroyd and Hopkins 
and by the author would, of course, explain the results at once, but seems 
extremely unlikely. Certainly in the sample of arginine used in these experi- 
ments there was no admixture of histidine (as shown by the absence of any 
coloration with diazobenzenesulphonate) and Hopkins has stated that his 
supply was similarly pure. 

For a full solution of the problem more data appear to be required. The 
essential question in the author’s experiments is whether the administration 
of arginine was the factor responsible for the resumption of maintenance, or 
whether, in the absence of arginine, the loss of weight would still have ceased. 
Experiments on this point are in progress. Ackroyd and Hopkins point out 
a tendency, in their experiments, to the attaining of an equilibrium after a 
period of arginine and histidine deficiency, stating that it may possibly be 
due to slightly incomplete removal of these substances. Nevertheless, in all 
their experiments the rats continued to lose weight over a period of 4 weeks 
during which they received only such traces of arginine and histidine as had 
escaped precipitation. In the experiments of Rose and Cox the loss of weight 
continued, though later at a diminished rate, for much longer periods. Hence, 
although a definite conclusion must be withheld until the termination of the 
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experiments now in progress, there does seem, in the growth curve of rats V 
and VI, to be an indication that arginine deficiency plays some part in the 
nutritional failure which follows the removal of it and histidine from the diet. 
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Arginine and histidine removed from diet. 


Arginine and histidine restored to diet. 
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Histidine alone restored to diet. 


Fig. 2 shows the weekly excretion of allantoin by each pair of rats during 
the experimental period. When the rats were receiving the control diet, and 
were growing at a satisfactory rate, the allantoin excretion increased slightly 
with the weight—a result in accordance with that published by Rose and Cook 
[1925] while this work was in progress. When arginine and histidine were 
withdrawn, the allantoin excretion rapidly fell, at a rate proportionately much 
greater than did the weight, until in the third week of the deficient diet itreached 
a value almost half the original. Restoration of histidine to the diet (rats VII 
and VIII) was followed by a rise in the allantoin excretion accompanying the re- 
sumption of growth. So far the results are in complete agreement both with 
those of Ackroyd and Hopkins and of Rose and Cook. The results following the 
restoration of arginine, however, present the same difficulties here as in the 
question of growth. They are indefinite, confirming neither the positive results 
of Ackroyd and Hopkins nor the negative ones of Rose and Cook. If anything, 
they incline towards the latter, for the allantoin excretion appeared to have 
reached a minimum before the arginine was added to the diet. Still, the 
protocols of Rose and Cook show that in a long continued deprivation of 
arginine and histidine the fall in allantoin excretion was often irregular, and 
that such a halt was often followed by a further fall. Hence the present 
experiment can neither affirm nor deny that arginine has an effect on the 
purine excretion; one can only say that if such an effect exists, it is much 
less than that of histidine. 

It must not be forgotten that in any case the conversion of histidine and 
arginine to purines (if such a conversion takes place) is only one of perhaps 
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several possible metabolic paths. It may well be that in the case of histidine, 
which already contains the iminazole ring, this conversion proceeds rapidly 
in comparison with other competing reactions; whereas the reactions which 
convert arginine to a form suitable for purine synthesis have a velocity which 
is small compared with that of reactions which divert it into other metabolic 
paths (e.g. the formation of ornithine). > 

In considering whether these results justify the conclusion that histidine 
is @ precursor of purines, it is of importance to note not merely the variations 
in the absolute amount of allantoin excreted when histidine is withdrawn from 
and restored to the diet, but also the variations of the ratio between the 
allantoin nitrogen and the total nitrogen of the urine. Should both allantoin 
and total nitrogen vary in the same sense and to the same degree (7.e. should 
the ratio of allantoin nitrogen to total nitrogen remain constant) it would 
appear probable that the alterations in the allantoin excretion were signs, not 
of any special disturbance of purine metabolism, but simply of nutritional 
failure generally. Now actually, while the nitrogen intake remained roughly 
constant, the total excretion of nitrogen in the urine by rats VII and VIII was 
1-36, 1-40, 1-31, 1-28, 1-26, 1-34, 1-40, 1-39 and 1-43 g. in successive weeks. 
The slight decrease in the third, fourth, and fifth weeks, when the animals 
were receiving the diet free from histidine and arginine, is almost equal to 
the decrease in the allantoin excretion. In this experiment, as in that with 
rats V and VI, when arginine and histidine were withdrawn from the diet, the 
ratio of allantoin nitrogen to total urinary nitrogen shqwed a very considerable 
drop, corresponding to the fall in the absolute amount of allantoin excreted 
(Fig. 3). When histidine was restored to the diet the ratio again rose. With 
restoration of arginine alone, however, the ratio remained low, showing that 
any effect on purine metabolism possessed by this substance can only be 
slight. The evidence in favour of the conclusion that histidine bears a very 
intimate relationship to the purine metabolism is considerably strengthened 
by the fall in the allantoin excretion relative to the total nitrogen excretion 
when the two amino-acids are withdrawn from the diet and the subsequent 
rise when histidine is alone restored. 

Summarising, one may say that the experiments completely confirm those 
of Ackroyd and Hopkins so far as histidine is concerned; that they do not 
support the suggestion that histidie and arginine are completely inter- 
changeable in metabolism; and that they leave it doubtful whether arginine 
has any effect either in growth or in purine metabolism. The experiments of 
Ackroyd and Hopkins, confirmed here, and by Rose and Cook, afford ample 
evidence for concluding that histidine is, or may be, utilised by the growing 
animal for the manufacture of purines. 

2. The effect of arginine and histidine deficiency on adult rats. 


The experiments in which adult rats were used yielded a perfectly definite 
result. Rats I and II (Fig. 4) received the complete amino acid mixture through- 
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out the experimental period. Their weight remained constant, and so did 
both the amount of allantoin excreted per week and the ratio of allantoin 
nitrogen to total urinary nitrogen. Rats III and IV, from the same litter, gave 
similar constant results on a diet from which arginine and histidine had been 
withdrawn. Although the rats received the deficient diet only for 28 days, it 
seems quite certain that there is a very marked difference in histidine require- 
ments between adult and growing animals, and the fact that the former are 
able to maintain themselves without external supplies of the amino acids 
readily explains the failure of such workers as employed them over similar 
periods to confirm the results of Ackroyd and Hopkins. 

So far as body weight is concerned, Geiling [1917] claimed that addition 
of either arginine or histidine to a diet otherwise deficient rendered the 
nitrogenous portion of the diet adequate for maintenance of body weight in 
adult mice. The sole source of nitrogen in his deficient diet was that portion 
of a tryptic digest of caseinogen which was not precipitated by phosphotungstic 
acid, with the addition of cystine and tryptophan. Apart from the fact that, 
according to the data of Rose and Cox [1924], the protein was probably 
incompletely digested, the figures published by Geiling seem hardly able to 
support the interpretation put upon them. 

Abderhalden [1922] has published the results of a series of feeding experi- 
ments, using adult rats, in which the nitrogen of the diet was derived entirely 
from a mixture of pure amino acids. He states that both arginine and histidine 
are indispensable amino acids. In one of his experiments addition of arginine 
did not remedy a deficiency caused by absence of histidine, so that his work 
does not support the idea of the interchangeability of the two substances. 
His curves certainly show that his animals lost weight when histidine and 
arginine were absent, but the multiplicity of the deficiencies renders his results 
exceedingly difficult of interpretation. 

The experiments reported in the present paper do not, of course, neces- 
sarily mean that in the adult animal histidine no longer functions as a purine 
precursor. It may be that over the comparatively short period of the experi- 
ment the adult animal, though not the growing one, may be able to draw the 
necessary supplies of purine from some source as yet undiscovered; that 
histidine, whilst an important source of raw material in the young animal 
with its relatively greater need for purines, becomes a minor factor in the 
adult animal. In that case, just as readily as if histidine had no part whatever 
in purine metabolism, the adult, though normally utilising a certain amount 
of histidine to synthesise purines, would be able to subsist, at any rate for 
some time, without it. It is certain, however, that some difference exists in the 
need for histidine during, and after the cessation of growth. 

The actual figures for the total nitrogen and the allantoin excretion show 
very clearly that in the young animal, not only is the nitrogen metabolism 
as a whole more active than in the adult, but that the purine metabolism is 
more active to an even greater degree. While all the animals were receiving 
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the complete supply of amino acids, the young ones, in a week when their 
average weight was 61-5 g., excreted an average of 0-78 g. nitrogen and 
0-209 g. allantoin per rat, while the allantoin nitrogen formed 9-55 % of the 
total. In the same week, the adults, with an average weight of 217-5 g. 
excreted 1-29 g. nitrogen and 0-243 g. allantoin per rat, the allantoin nitrogen 
being 6-7 % of the total. Thus the adults, more than three times the weight 
of the young ones, excreted only about 60 % more nitrogen, and only 16% 
more allantoin. In their case, too, the allantoin nitrogen formed a much smaller 


percentage of the total than in the case of the young ones. 


SUMMARY. 


On a diet deficient in histidine and arginine young rats lose weight, and 
their allantoin excretion, but not the total nitrogen excretion, falls almost 
to half the normal value. Restoration of histidine to the diet is followed by 
resumption of growth, and by increased allantoin excretion. It is concluded 
that, as suggested by Ackroyd and Hopkins, histidine functions as a precursor 
of purines in the animal body. 

Restoration of arginine to the deficient diet is not followed either by 
appreciable growth or by increased allantoin excretion. The experiments, 
therefore, do not support the idea that arginine and histidine are completely 
interchangeable. Since, however, the restoration of arginine was followed by 
cessation both of the fall in weight and in allantoin excretion, it remains doubt- 
ful whether arginine plays any part at all in the purine metabolism. 

Adult rats were able to live for 28 days without loss of weight or decrease 
in the allantoin excretion on a diet containing no more than traces of histidine 
and arginine. 


The author is indebted to Prof. G. Barger, F.R.S., for the interest he has 
taken in this work, and for useful criticism and advice. The expenses of the 
research were partly defrayed by a grant from the Moray fund of this 
University. 
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CLIX. THE MICROMETER SYRINGE. 


By JOHN WILLIAM TREVAN. 


From the Wellcome Physiological Research Laboratories, Beckenham, Kent. 
(Received November 4th, 1925.) 


In the Lancet [Trevan, 1922] a piece of apparatus was described which could 
be used for the measurement of very small volumes of fluid, 0-01 cc. being 
measurable by its aid with an accuracy of less than + 1 %. 

In a slightly modified form the instrument has found considerable applica- 
tion, especially in the performance of the Ramon test for diphtheria antitoxin 
and in microchemical titrations, and it was thought that a description of the 
new form with some fuller details of the uses to which it has been put would 
be of interest. The principle of the instrument depends on the accuracy with 
which a fairly well-fitting piston of a glass syringe will displace a volume of 
fluid, the displacement being produced and measured by a Starret micrometer 
head such as may be obtained at any engineer’s tool shop. Since the original 
paper was written, it has been discovered that a syringe driven by a screw 
had been used by both Kelvin and Lister, by the former for measuring re- 
latively large volumes of gas in the constant pressure gas thermometer, by 
the latter for measuring small quantities of fluid in bacteriological research. 


On 
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Fig. 1 shows the details. A is the micrometer head; B the holder, and 

C the syringe. The syringe illustrated is a glass “tuberculin” syringe with 
the piston oiled with viscous liquid paraffin, but any type of syringe can be 
used. The holder consists of a piece of steel tubing cut out to shape as illus- 
trated. The end O is slotted as illustrated in the plan at F so that there is 
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a slight give in the end sufficient for the micrometer head to be just held when 
it is pushed into this end of the holder. The milled head and screw E is pro- 
vided to hold the micrometer head tightly in place. The tube is cut away 
leaving only the bars, G and H, the slots between allowing the head of the 
syringe piston to be drawn up and down. The syringe is held by the slip JK, 
the part K being removable. As shown in the plan, K is held down onJ by 
the milled heads LL’ which screw on to the sides of J. The lugs M on K are 
made with little hooks at the end which fit round the screws N so that K can be 
removed from J by merely slackening off LL’. K is lined with a piece of india- 
rubber pressure tubing attached with Chatterton compound, and J with two 
pieces of “fibre” arranged so as to form a “V” section groove for the syringe 
to lie in. The syringe is placed in the holder so that the head of the piston is 
just within reach when the syringe is emptied and fluid drawn up with the 
micrometer head withdrawn to its fullest extent. The syringe having been 
filled, the micrometer head is screwed down until contact is made with the 
piston when the instrument is ready for use. Using a micrometer head 
graduated in mm. in which one turn of the head corresponds to 0-5 mm. the 
average syringe ejects rather more than 0-01 cc. fluid for one turn. The 
distance through which it is necessary to move the piston to eject 0-01 cc. 
varies for the “tuberculin” type of syringe from 0-35 mm. to 0-55 mm., and 
readings of the divisions on the head can be estimated to one-tenth of a division 
or 0-001 mm. For some purposes it is best to choose a syringe which gives 
an even number of turns for 0-1 cc., e.g. 8, or best 10. 

Calibration of syringes is best carried out by measuring the diameter of 
the piston of the syringe with a micrometer gauge and working out from the 
area of the piston the length the piston must traverse to displace 1-0 cc. 
Calibration by weighing mercury ejected gave figures such as the following: 


Exp. 1. Calibration with dry mercury. All-glass syringe. 


mm. reading on Weight Weight per 0-5 mm. 
micrometer g. g. 
0-5 0-1267 0-1266 
0-5 0-1282 0-1282 
0-5 0-1272 0-1272 
0-5 0-1268 0-1268 
1-0 0-2545 0-1278 
2-5 0-6440 0-1288 
0-5 0-1270 0-1270 
2-5 0-6330 0-1266 
0-5 0-1270 0-1270 
2-5 0-6405 0-1281 
0-5 0-1270 0-1270 
2-5 0-6385 0-1277 
0-5 0-1285 0-1285 
2-5 0-6390 0-1278 
0-5 0-1265 0-1265 
2-5 0-6337 0-1268 
2-5 0-6395 0-1278 
Mean 0-1276. tange +0-9 %. Volume 0-00945 cc. =0-5 mm. 


The instrument can also be calibrated by titration. If it is filled with a 
strong solution of CaCl,, small volumes can be ejected under the surface of 
water from a fine hypodermic needle and the chlorine ion titrated with N/50 
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AgNO ;. For the successful measurement of volumes of the order of 0-01 cc. 
it is best to eject the fluid under the surface of water to ensure accuracy in 
the separation of the last drop. 

Exp.2a. All-glass syringe. 0-0143 cc. (= 0-5 mm. on micrometer) of a 
strong solution of CaCl,. Titration figures; 4-42, 4-43, 4-44, 4-43, 4-44 ce. of 
N/50 AgNO ;. These figures do not correspond in absolute value to those in 
Exp. 2 bas different solutions of CaCl, and AgNO, were used. They are given to 
show the measure of agreement amongst the volumes ejected and not absolute 
values. It is clear that, as a good syringe does not leak back around the piston, 
if all the successive advancements of the piston are in agreement the absolute 
value must correspond to the value swept out by the advancing piston. 

Exp. 2b. Using 0-3 ce. syringe with metal piston with CaCl, solution. 
Titration figures; 6-35, 6-37, 6-38, 6-26, 6-22, 6-30, 6-27, 6-30, 6-30, 6-31 cc. 
N/50 AgNO,. 

Refilled syringe: 6-36, 6-40, 6-34, 6-28, 6-29, 6-34 for 2 mm. 

Average 6-317 + 0-055. Volume measured 0-004 ce. 

The apparatus has been used for the measurement of 0-02 cc. of diphtheria 
toxin into a capillary tube for the performance of the Schick test and in the 
Ramon test by Glenny and Okell. A number of syringes are in daily use for 
this purpose by comparatively unskilled hands in these laboratories and are 
found to be simple and dependable. 

Applications to microchemistry as a burette will be discussed at greater 
length in a further communication. Exp. 3 gives the results of titration of 
iodine with 0-096 cc. of N/10 thiosulphate. 

Exp. 3. Approximately N/50 iodine. 5 cc. = 9-6 cc. N/100 thiosulphate, 
with an ordinary burette. 

0-5 cc. iodine gave, in successive titration, the following figures: 0-0961, 
0-0961, 0-0956, 0-0961, 0-0956, 0-0961, 0-0963, 0-0956, 0-0959, 0-0961, 0-0958, 
0-0959, 0-0959, 0-0958, 0-0959 cc. as measured by the micrometer syringe using 
N/10 thiosulphate. 

0-1 ec. of N/100 acid can be titrated using methyl] red as an indicator with 
N/50 alkali with a discrepancy of at the most one in the third place. As 
Rehberg [1925] has pointed out, any further increase in the accuracy of micro- 
methods of estimation can only be obtained by the use of smaller volumes. 
The reduction of the quantities required for titration to one-tenth of the 
present volumes used would be advantageous in many methods and such a 
reduction is certainly feasible with the apparatus described. 

We think that this apparatus presents certain advantages over that of 
Rehberg in that the calibration of the bore of the syringe is a matter of a 
few seconds; there is no error of parallax, and the syringe holds sufficient 
fluid for many titrations or for titrations involving widely varying quantities 
of fluid. When titrating with acid the steel needle is replaced by a glass tube 
P drawn out to a point, and ground to fit the nozzle of the syringe. The point 
is covered on the outside with paraffin wax to prevent fluid running back. 
The final stages of the titration are carried out by allowing a small drop to 
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collect at the tip and transferring the drop by a small glass rod (1 mm. in 
diameter) to the titrated fluid. 

It has been used also as a gas pipette in a modified Haldane blood gas 
analysis apparatus. The piston is lubricated with liquid paraffin and gas 
leakage prevented by a layer of mercury on top of the piston, the syringe 
being used with the nozzle uppermost. 

It can also be used as an accurate automatic pipette for large or small 
quantities of fluid. Exp. 4 gives a calibration by weighing dilute sulphuric 
acid showing the degree of agreement for a series of weighings. 

Exp. 4. Automatic pipette. Weight of successive volumes of | cc. N/10 
H,SO,: 1-000, 0-9999, 0-9994, 0-9994, 0-9994, 0-999, 0-9984, 1-000 g. 

When used in this manner the micrometer head is screwed down until 
the piston rests on the plug at the bottom of the syringe, the reading on the 
micrometer head is then taken and the micrometer head is screwed back an 
amount corresponding to the volume required. Fluid is then drawn into the 
syringe until the head of the piston meets the micrometer plunger, and the 
fluid is then ejected by allowing the piston of the syringe to fall until the 
syringe is emptied. By joining a rubber band to the head of the syringe and 
passing it round the milled head E the syringe can be used for abstracting 
known volumes of blood slowly from a vein, the rubber band drawing the 
syringe piston slowly upwards as the micrometer is screwed out. When used 
as an automatic pipette, larger syringes of any volume required can be fitted 
into similar holders. 

It may be pointed out in passing that a good hypodermic syringe may be 
used for the measurement of volumes without any attachment, with as much 
accuracy as a pipette of the same volume. For example, the piston of a tuber- 
culin syringe can be set by eye with an error of less than + 0-1 mm., which 
corresponds to 0-002 to 0-003 cc., and there is no error of parallax or of 
drainage as with a graduated pipette. We have also used large syringes with 
success for the collection of gas samples for analysis, displacing the usual 
cumbersome mercury bulbs, lubrication of the piston w'th a little water being 
sufficient to prevent leakage. We have also used them in place of separation 
funnels for small quantities of blood. 

I take this opportunity of thanking Miss Boock, B.Sc., and Miss Attwood 
for performing many measurements for checking the accuracy of the instru- 
ment, and my mechanic, F. Gowlett, for his care and skill in making various 
experimental models. 

Any metal worker can construct the instrument from bicycle frame tubing, 
but for those without facilities Messrs Burroughs Wellcome & Co., Snow Hill, 
London, E.C., have kindly arranged to supply the instrument with a calibrated 
syringe of a suitable bore. 
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CLX. STUDIES ON THE PHYSIOLOGY 
OF PLAIN MUSCLE. 


IV. THE LACTIC ACID CONTENT OF PLAIN MUSCLE 
UNDER VARIOUS CONDITIONS. 


By CHARLES LOVATT EVANS. 


From the Harvey Physiological Laboratories, St Bartholomew's Medical 
College, London. 


(Received November 8th, 1925.) 


Apart from the very general belief that most tissues may readily be made 
to yield lactic acid, there is very little to indicate the presence of that substance 
in plain muscle. It is true that Vincent and Lewis [1901] found, as Lehmann 
had done before, that the normally alkaline reaction of the tissue tended 
towards neutrality or acidity when the tissue was kept, and further that some 
of the older observers, employing the rough tests which were then available, 
claimed to have demonstrated the presence of lactic acid in plain muscle. 
Yet there is a remarkable contrast between the intimate knowledge which 
has been yielded by the application of modern methods to the study of the 
metabolism of striated muscle, and the almost complete ignorance which 
prevails with regard to the chemical properties of plain muscle. The pivotal 
importance of lactic acid in the physiology of striated muscle induced me to 
study the relation, if any, which this substance might bear to the physiology 


of plain muscle. 


PRESENCE OF Lactic Acrp In PLatn Muscte. 

Various methods have been employed for the detection and estimation 
of lactic acid. When this work was commenced six years ago, large amounts 
(from 20 to 700 g.) of tissue were worked up by Fletcher and Hopkins’ [1907] 
method as used for frog’s striated muscle. In using the larger amounts there 
was no doubt some loss, but it was certain that the amount of lactic acid 
present was small compared with that in striated muscle. Thus, from 700 g. 
of muscle from the horse stomach, which had been minced and slowly heated 
to boiling, I obtained an amount of crystalline zinc salt corresponding to 
only 0-043 g. lactic acid. In other experiments with the zinc method, using 
muscle from the small intestine of the dog, and the ox retractor penis, the 
lactic acid content of the fresh tissue was found to vary from 0-012—0-076 %. 
It would serve no useful purpose to give details of these earlier and more 
70 


Bioch. x1x 








1116 C. L. EVANS 


imperfect experiments; but it was possible, from them, to state that lactic 
acid did occur, though only in small amount. 

Analysis of the crystalline zinc salt obtained in some of these experiments 
and dried over calcium chloride gave the following results: 


% water of crystal- %% ZnO in dry salt on 





lisation (theory incineration (theory 
Exp. requires 12-9 %) requires 33-4 °%) 
1 13-3 35-1 
2 11-8 _- 
3 12-7 37-8 
Mean = 12-6 Mean = 36-5 


The salt was obviously not quite pure. 

Specimens of the salt gave Hopkins’ thiophene test: when distilled with 
0-25 % sulphuric acid and a little manganese dioxide, acetaldehyde was formed, 
which was recognised by its smell, as well as by Schiff’s test, the mirror test, 
and the iodoform reaction. An attempt to determine the optical rotation of 
the free acid was unsuccessful because too little of it was obtained. I have 
nevertheless no hesitation in saying that sarcolactic acid is recoverable in small 
amounts from plain muscle from various sources. 


Methods. 


In addition to the method used by Fletcher and Hopkins, I have also 
tried the extraction method described by Wolf [1914] and the various pro- 
cedures recommended by Meyerhof [1920, 1; 1921], but finally have found 
that, with slight alterations, the extraction method of Hirsch-Kauffmann 
[1924] together with the lactic acid estimation as described by Clausen [1922 
gives the most regular and accurate results. The outlines of the treatment of 
material for resting controls are as follows: from 3-6 g. of the tissue is cooled 
in a beaker surrounded by a mixture of ice and salt, and weighed. The tissue 
is placed in a nickel crucible, which is wrapped in a duster; liquid carbon 
dioxide is then blown into the crucible, which is quickly filled with solid CO,, 
in which the tissue is frozen. While thawing it is cut up with scissors and 
dropped into 10 cc. of ice-cold 4% HCl saturated with NaCl; about 1 g. of 
white sand is added and the whole ground up in a mortar; 10 cc. of 5% 
mercuric chloride is then added, and the mixture left overnight. It is then 
filtered through a dry paper into a graduated cylinder, the residue being 
wrung out in muslin. The volume of the filtrate is noted, and it is then carried 
through the process exactly as described by Hirsch-Kaufimann, removal of 
varbohydrate being effected by 2 cc. of 10 % CuSO, and 5 cc. of 25% milk 
of lime. With the quantities stated, the amount of lactic acid in the final 
filtrate will be about half that present in the first mixture of tissue and re- 
agents: the loss from adherence to precipitates and filter papers can, of course, 
be calculated from the ratios of the volumes of the materials at each stage of 
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To the final filtrate used for the lactic acid estimation enough dilute 
sulphuric acid is added to make 0-5 % concentration. Oxidation by per- 
manganate and the subsequent titration of the aldehyde bisulphite compound 
are carried out exactly as described by Clausen, and need not be further 
described. For tissues subjected to various preliminary treatments, slight 
and obvious modifications of the initial stages are introduced. Thus when 
treated with fluids, the fluid was added to the initial mixture and its volume 
allowed for. 

The tissues employed were the following: of mammals, the intestine, uterus, 
oesophagus and bladder of the cat, the intestine of the dog, and the retractor 
penis muscle of the bullock; of cold-blooded animals the stomachs of the frog 
and tortoise (T'estudo graeca). The tortoise stomach proved best of all, because 
of the regularity of the resting controls, due to the fact that lactic acid did not 
accumulate very rapidly after removal of the tissue from the body. The tissue 
also shows no spontaneous contractions. When an experiment on one portion 
of tissue was contemplated, the stomach was removed, opened, and the 
mucosa stripped off from the intestinal towards the oesophageal end: the 
tissue which remains weighs about 4—6 g. and has been shown by histological 
examination to consist almost entirely of plain muscle, the fibres of which 
run in a roughly circular direction, as in the frog. The band of tissue is divided 
longitudinally into two portions, one of which serves as the control, and the 
other for the experiment. When it was desired to carry out a number of 
experiments against a single control, the tissue from several stomachs was 
prepared, cut into pieces about 1 cm. square which were thoroughly shuffled, 
and samples of 3-6 g. used for control and experiments. The variation of the 
resting lactic acid value in different stomachs is as a rule so small that no 
appreciable error is introduced by this method of cutting and shuffling. 

Mammalian tissues are much more difficult to employ; there is a rapid 
post-mortem accumulation of lactic acid and there is the further difficulty that 
in most cases the tissue exhibits spontaneous rhythmic contractions, whilst for 
various reasons the difficulty of obtaining representative samples for controls 
is much greater. In the small intestine, for instance, the resting lactic acid 
values depend on the degree of spontaneous activity, which as pointed out 
by Alvarez [1922] shows a diminishing gradient from above downwards. 
I have already shown [1923] that the oxygen usage of intestinal muscle shows 
a similar gradient, so that I was not surprised to discover the following resting 
lactic acid values, estimated by Fletcher and Hopkins’ method, for the plain 
muscle from different levels of the dog’s intestine: 


Exp. 4 Exp. 5 Exp. 6 

Level % % % 
1 (highest) 0-062 0-06 0-076 

2 0-046 -— —- 
3 * 0-036 0-047 0-039 


4 (lowest) 0-024 _ — 


In order, therefore, to carry out a satisfactory experiment on intestinal 
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muscle, it is necessary to select a portion of the gut and to divide the muscle 
lengthwise, using one part as a control and the other part for the experiment; 
a cutting and shuffling method would, I think, be unsafe, so that a large series 
of experiments against one control could not easily be carried out. 


“* Resting” values of lactic acid. 

From none of the tissues examined was lactic acid entirely absent, even when 
the tissues were in the freshest condition. The value is always low however, 
particularly in the plain muscle of cold-blooded animals, but not so low as in 
long-rested skeletal muscle. The following table gives some typical results. 


Table I. Resting values of lactic acid. 


Tissue Lactic acid % 

Small intestine of dog 0-029 0-046 
0-051 0-036 

0-012 0-024 


0-062 0-060 | mean =0-042 


0-047 0-076 
0-039 0-031 | 


0-038 am 

Intestine of cat 0-178 

trac nis vie -O76 “(79 

Retractor penis of bullock oon oy See 

Cat uterus 0-141 0-024 mean= -083 

Cat oesophagus 0-05 

Cat bladder 0-214 

Frog stomach 0-03 

Tortoise stomach 0-056 0-029 0-023 
0-013 0-013 0.026] 


»¢ 9 
0-032 0-029 0-049; Mean =0°027 


0-014 0-016 0-020) 


Methods of fixation of the tissue. It is very important to be able to kill 
the tissue and to fix the lactic acid precursor, whatever it may be, in such 
a manner as will lead to the minimal production of lactic acid during the 
killing. In the case of frog’s striated muscle, cooling in liquid air or even in 
ice and salt is no doubt adequate, but it does not necessarily follow that this 
method will yield the best results with plain muscle, which often shows strong 
contractions on cooling. I have therefore compared the cooling method, using 
liquid carbon dioxide, with killing by crushing in ice-cold 4 % HCl, and with 
killing by dropping into boiling 4 % HCl, with the following results: 


Lactic acid % 


(1) (2) 
Fixed in boiling 4% HCl ... ake i ua 0-014 0-026 
Control frozen and fixed in cold 4 % HCl = 0-016 0-023 
Fixed in ice-cold 4 % HCl, and at once ground up 0-02 


This experiment shows that the three methods give practically identical 
results; the boiling method is less satisfactory in one respect, namely, that 
some hydrolysis of protein occurs, so that, after treatment with mercuric 
chloride, there is a tendency for the liquid to froth during the subsequent 
passage of H,S and air, and the cold methods seem to be preferable on that 
account. 
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The effect of stimulation on the lactic acid content. 

For this purpose the tissue was suspended in a moist chamber containing 
air or oxygen and stimulated for 1-2 seconds at intervals of 20 or 30 seconds 
with a galvanic current of sufficient strength to cause the maximum contrac- 
tions, these being recorded by a lever. The current required varied from 
5-20 milliamperes. This stimulation was repeated, by means of a rotating key, 
until the muscle showed definite signs of fatigue. Meanwhile, the control 
sample of tissue was suspended in a similar moist chamber and both samples 
were fixed simultaneously. 


Table II. Effect of repeated stimulation. 


Lactic 
Tissue Stimulation acid %, 
12 frog stomachs (20°) 0 (control) 0-03 
5 ma. at 45” intervals for 2 hrs. 0-04 
Cat bladder (38°) 0 (control) 0-214 
15 ma. at 20” intervals for 1 hr. 0-241 
Tortoise stomach (20°) 0 (control) 0-029 
5 ma. at 60” intervals for 1 hr. 0-085 
Tortoise stomach (20°) (Control) 0-013 
25 ma. at 20” intervals for 2}. hrs. 0-068 
25 ma. at 20” intervals for 33 hrs. 0-086 
Frog striated muscle (20°) (Control. Not quite resting) 0-10 
45 mins. tetanus 0-34 


The experiments show that there is an undoubted production of lactic 
acid during contraction, but the amounts so formed are small when compared 
with those set free by striated muscle. This must be either because the recovery 
process is abnormally rapid, or because the liberation of lactic acid comes 
early to a standstill, or else because the content of lactic acid precursor is 
lower in plain than in striated muscle. As we shall see, the last reason is an 
important one, but the second one probably also holds good. 


The effect on plain muscle of conditions which in striated muscle 
cause rigor mortis. 


Table ITI. 


Tissue Treatment Lactic acid % 
(1) Dog intestine Gradually heated to 70° 0-083 
Control 0-029 
(2) Dog intestine 30 mins. in CHCI,-Ringer 0-032 0-069 
Control 0-012 0-047 
(3) Bullock retractor Gradual heat to 80° 0-144 
Control 0-076 
Sudden heat to 80° 0-079 
(4) Bullock retractor 4 hrs. CHCI,-Ringer 0-32 
Control 0-27 
(5) Cat uterus CHCl, vapour 2 hrs. 0-14 
Control 0-14 
(6) Tortoise stomach Gradual heat to 60° 0-078 
Control 0-056 


(7) Tortoise stomach 30 mins. in M/15 Na,HPO, 0-043 
plus 0-4 % caffeine 
30 mins. in M/15 Na,HPO, 0-059 
Resting control 0-026 
(8) Frog skeletal CHCl, vapour for 2 hrs, 0-182 
muscle (May) 
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This table shows that, with the exception of series 5 and 7, treatment, 
which applied to skeletal muscle would lead to the onset of rigor, causes also 
in plain muscle a rise in the lactic acid content. The maximum for plain muscle 
is, however, usually lower than that which would be expected for striated 
muscle. Perhaps this is partly due to the less efficient buffering power of 
plain muscle, but the store of lactic acid precursor being smaller also limits 
the amount of acid formed. 

In series 5, exposure to chloroform vapour produces no alteration in the 
lactic acid content; this is perhaps due to the fact that the control already 
shows the lactic acid maximum. 

In series 7 it is seen that, although there is an increase in the lactic acid 
after 30 minutes’ immersion of the minced tissue in a phosphate solution 
containing 0-4 % of caffeine, this increase is much smaller than that found 
on immersion in the phosphate alone; the caffeine appears to have inhibited 
the production of lactic acid. Although it would be unsafe to draw a con- 
clusion from the result of a single experiment, this fact, if confirmed by 
subsequent study, might perhaps be related to the further fact that whereas 
caffeine exerts a stimulating action on striated muscle, its effect on plain 
muscle seems to be more usually to cause relaxation. This question, together 
with the further question of the relation of lactic acid production to contraction 


must be deferred for the present. 


The effect of mincing in buffered solutions. 


The rate of formation of lactic acid in tissue which has been minced in 
buffer solutions of different hydrogen ion concentrations was studied in a 
manner similar to that used for striated muscle by Laquer [1914] and Meyerhof 
[i921]. The tissue, 3-6 g., was weighed, placed in 5 cc. of the buffer solution, 
minced therein with scissors, left for the desired time, and then killed by the 
addition of 10 cc. of ice-cold 4 % HCl followed by immediate disintegration 


with sand in a mortar. 


Table IV. Immersion of minced tissue in buffer solutions. 


Tortoise stomach muscle (18-5°). 
% lactic acid formed in 





ee eee - St ri a ee 
M/15 Na,HPO, 

Duration M/15 NaH,PO, M/15 Na,HPO, plus 0-30 % 0-8 % NaHCO, 
of exp. (py 4:5) (py 9-0) Na,AsO, (Py 9-5) Control 
15 mins. — 0-043 0-047 0-026 
-= 0-059 0-061 0-051 0-026 
— 0-081 0-086 _— 0-023 
a 0-078 _- 0-087 0-023 
0-054 — ms — 0-024 
— 0-089 — _- 0-032 
0-058 — — _- 0-024 
= 0-087 ~- — 0-032 
0-162 0-165 -— None 





0-13 — 0-026 











LACTIC ACID CONTENT OF PLAIN MUSCLE 1121 


In some of the experiments 0-3 % of sodium arsenate was added to the 
disodium phosphate solution to compare the results with those obtained 
under similar conditions by Meyerhof with striated muscle. The results are 
shown in Table IV and are plotted in Fig. 1. 


























ih 4 6 oa 942 24-16 18° 2 
Fig. 1. 


The experiment shows that, as in striated muscle, there is a rapid accumu- 
lation of lactic acid in the disodium phosphate solution, and a still more rapid 
one in the alkaline arsenate solution; the amount finally formed (in 20 hours) 
in tortoise stomach muscle would seem to be about 0-13-0-165 %, and it 
would appear that this represents complete conversion of all the precursor 
into lactic acid; at all events, I have not been able to exceed that amount by 
any treatment of the tortoise stomach muscle. 

In the acid phosphate solution, on the other hand, owing to the acid 
reaction, the rate of lactic acid formation is much slower, in which again there 
is close resemblance to what happens in skeletal muscle; but bicarbonate 
solutions do not seem to differ sensibly from the alkaline phosphate solution. 
This may be either because the amount of tissue was great when compared 
with the volume of the bicarbonate solution in which it was suspended, so 
that the phosphate concentration was still adequate, or because the phosphates 
do not play such an important part in the conversion of lactacidogen into 
lactic acid in plain as in skeletal muscle. The point must be decided by further 
experiments. 

Comparative experiments made with the striated muscle of the tortoise 
showed that it behaves in a similar manner to that of the frog under comparable 
conditions. Although the lactic acid maximum attained with plain muscle 
is much below that for striated muscle, it would appear that the relative rate 
of development is at least as great, if not greater, in plain muscle; thus in di- 
sodium hydrogen phosphate with or without arsenate, more than half the 
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maximal yield is obtained within an hour, the increase over the resting value 
being about 200 % in the arsenate solution, though only about 50 % in mono- 


sodium dihydrogen phosphate solution. 


Lactic acid formation in anaerobiosis and in survival in oxygen. 

So much light has been thrown on the chemical processes in striated muscle 
by the study of the effects of anaerobiosis, that the results of similar experi- 
ments on plain muscle cannot fail to be instructive. Experiments were there- 
fore carried out to compare the lactic acid content of the tissue after various 
periods of aerobic and anaerobic survival; anaerobiosis was effected by im- 
mersing the tissue in frog Ringer solution containing N/1000 NaCN, or by 
exposing the tissue without immersion in fluid to a continuous current of 
moist commercial nitrogen; in the one case comparison was made with tissue 
suspended in oxygenated Ringer, and in the other case with tissue placed 
under similar conditions in a stream of commercial oxygen. In all cases the 
tissue was used in pieces about 1 cm. square; undue injury due to mincing 
was thus obviated, but the procedure had the drawback that in spite of the 
thinness of the pieces of tissue, the oxygen supply during the aerobic periods 
could not have been completely efficient; the tissue suspended in oxygenated 
Ringer was agitated by shaking at frequent intervals in an atmosphere of 
oxygen, but in the experiments in which the tissue was exposed directly to 
the moist gas, the latter could usually only have access to one surface of each 
piece of tissue. Therefore the aerobic periods were in reality periods in which 
a supply of oxygen was offered. The results indicate that the access of oxygen 
was slightly behind the requirement, so that there was some accumulation 
of lactic acid; this was also the case in most of the experiments of Meyerhof 
on striated muscle. 

The results of these survival experiments are given in Figs. 2 and 3. 
These graphic results speak for themselves; during anaerobiosis there is a 
rapid accumulation of lactic acid in the resting tissue, whilst during aerobic 
survival the lactic acid mounts up very slowly indeed. It would seem that the 
lactic acid maximum is almost reached at the end of about 8 hours’ survival 
at room temperature; when the asphyxiated muscle is returned to oxygen, 
the lactic acid begins to disappear again; this disappearance occurs even after 
the tissue has been in nitrogen for 20 hours, as the ensuing 7 hours in oxygen 
show. It would seem that with protracted survival, the efficiency of recovery 
gets less and less, so that after 20 hours in nitrogen followed by 24 hours in 
oxygen (not shown in the figure), there is more lactic acid present than there 
was after the tissue had been in nitrogen for 20 hours and in oxygen for 7. 
Nevertheless, in spite of this, there was less lactic acid after the survival of 
44 hours, the first 20 of which were in nitrogen, than there was after a survival 
of only 63 hours all of which was spent in nitrogen. 

The maintained low resting level of lactic acid when the tissue is kept in 
oxygen, together with the demonstrated removal of lactic acid when the 
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anaerobically surviving tissue is restored to oxygen, provide incontrovertible 
evidence that, as in striated muscle, there is a continuous removal, by 
oxidative means, of the lactic acid which is being formed continuously as a 
result of metabolic processes in the tissue. There is, then, in oxygen, some sort 
of a recovery process, and the next step is to enquire whether or not this is 
of the same nature as that which occurs in striated muscle. There are three 
ways by which this problem may conveniently be approached, namely, by 
the study of the thermal aspects, from the oxygen consumption, and from the 
carbohydrate content. I have carried out attempts along the last two directions. 








--o~ in Nitrogen. 
* in Oxygen 


«Ay per cent. 











~o-= in n/1000 NaCN 
in Ringer 
-e =in Oxygenated Ringer 


ee 
4 8 


1 16 20 24 
Fig. 3. 


- 







-.L.A, per cent. 





30 


20 





10 


Hours 


Fig. 4. 


The oxygen requirement of resting plain muscle. 


The oxygen requirement of resting plain muscle was determined by the 
use of the microrespirometer, a sensitive instrument of the Krogh pattern, 
bottles of about 10 cc. capacity being used. Thin strips of tissue from the 
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experiment of Fig. 2 were cut with a sharp razor, and floated in 1 cc. of 
Ringer’s solution: the apparatus was shaken horizontally, with the bottles 
immersed in a water-bath at room temperature (17°). The rate of oxygen 
usage was determined each hour for 6 hours, and the results per g. per hour 
are given in Fig. 4. The results were high during the first half-hour and were 
rejected; this high value is probably due to oxidative removal of lactic acid 
formed in the process of preparation involving handling and oxygen lack. In 
the succeeding hours the oxygen usage also showed a slow decline towards 
a steady value of about 15 mm.? per g. per hour. I have shown in a previous 
paper [1923] that after a period of oxygen lack there is an accelerated rate of 
oxygen usage, and the evidence which has now been put forward indicates 
that this is associated with oxidative removal of lactic acid, much as happens 
in striated muscle. 

It is easy to calculate, as Meyerhof has done for striated muscle, to what 
extent the oxygen utilisation corresponds to the lactic acid reduction. Each 
milligram of lactic acid which is oxidised necessitates the utilisation of 744 mm.° 
of oxygen. In the experiment shown in Fig. 2 there has been in nitrogen an 
accumulation of lactic acid which has raised the percentage in 6 hours from 
0-049-0-116 %, or an increase of 0-67 mg. per g. of tissue, whilst in oxygen 
the increase in the same time is only 0-12 mg. per g.; thus, the presentation 
of oxygen has in 6 hours prevented the formation of 0-55 mg. lactic acid. (If 
there had been complete lack of oxygen from the very beginning (7.e. no free 
oxygen present in the tissue), even more lactic acid would have accumulated.) 

This amount of lactic acid would require 410 mm.° of oxygen to oxidise 
it, and, if the lactic acid were removed entirely by oxidation, the tissue should 
use 410 mm.® oxygen in 6 hours; but adding up the oxygen usage from the 
experiment shown in Fig. 4, we find that actually only 123 mm.° of oxygen 
were used in that time. That is to say that only about one-third of the lactic 
acid is oxidised (actually 1/3-35), the remainder being removed in some other 
form. This so closely resembles what happens in skeletal muscle, that, although 
I have no final proof for it, it seems almost certain that what has happened 
to the remaining two-thirds of the lactic acid is a restoration to the lactic 
acid precursor, presumably glycogen. 


Relation of carbohydrate to the origin of lactic acid. 

For the investigation of this question I have made some determinations 
of the glycogen content, and of the total hydrolysable carbohydrate content 
of plain muscle under various conditions, but with results which are at present 
puzzling, and which require further examination. Glycogen has been estimated 
by a micro-adaptation of Pfliiger’s method, the glycogen thrown down by 
alcohol being collected by centrifugation, and being finally hydrolysed by 
2 % HCl at 100° for 3 hours: determination of the glucose so produced was 
carried out by the Shaffer-Hartmann method. Hydrolysable carbohydrate 
was determined by initial hydrolysis of the fixed tissue by 2 % HCl, depro- 
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teinisation by HgCl, followed by removal of mercury by H,§, neutralisation, 
and determination by Shaffer-Hartmann. In other cases extraction has been 
carried out by cold alcohol, glycogen estimated in the residue, and soluble 
carbohydrate in the filtrate after deproteinisation by colloidal ferric hydroxide 
[cf. Meyerhof, 1920, 2]. Some results are given in Table V. 


Table V. Carbohydrate content of plain muscle. 
Soluble Total 


carbo- carbo- 
Glycogen hydrate hydrate Lactic acid 
Tissue State oy %, % oy 
Retractor Fresh 0-012 -- — 0-072 
Rigor 0-022 = as 0-079 
Cat uterus CHCl, None -= -— 0-141 
Intestine (dog) Fresh 0-005 — “= 0-178 
Retractor Fresh 0-018 0-061 = 0-27 
Fresh 0-032 0-055 a“ 0-22 
CHCl, 0-014 0-062 -—- 0-32 
Tortoise stomach Fresh 0-05 — 0-51 0-02 
Cyanide (21 hrs.) 0-014 — 0-495 0-13 


There are three striking features about these estimations; (1) the low 
value of the giycogen, (2) the relatively high value of the remaining carbo- 
hydrates, especially in the tortoise tissue, (3) the fact that where there is a 
comparison between the lactic acid and glycogen of resting and treated tissues, 
the increase in the lactic acid is many times greater than the decrease in the 
glycogen content. Three explanations suggest themselves: (1) that the lactic 
acid does not arise from carbohydrate at all, (2) that it arises from some 
carbohydrate other than glycogen, but that the results of the total carbo- 
hydrate determinations are spoilt by the production of carbohydrate from 
some other source in the course of hydrolysis, (3) that the glycogen estimations 
are unreliable. I incline to the last-mentioned opinion, for reasons now to be 
stated. 

Similar experiments carried out on frog’s striated muscle gave satisfactory 
results: for these, I used 1 or 2 g. of muscle. Expecting, from the lactic acid 
maximum, that the glycogen content of plain muscle would be of the order 
of 0-1-0-2 %, I therefore used 5 or 6 g., or in some cases 20 g. of tissue, but 
the results were always low. Now the technique used was in both cases the 
same, namely, for each g. of tissue there was used 1 cc. of 60 % KOH for 
hydrolysis, then 2 cc. water were added, and 4 cc. alcohol: in the reprecipita- 
tions 2 cc. water and 4 cc. alcohol were used; the volume of fluid from which 
precipitation took place would thus be disproportionately great when the 
glycogen content of the tissue was small, and the relative loss would tell very 


seriously on the result. 
In order to test this explanation, I have made the following simple experi- 


ment: frog’s striated muscle was minced at — 5°, and was divided into samples 
of various weights; in two of these the glycogen was estimated in the usual 
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way, but in others the alcohol precipitation was carried out with much larger 
volumes of fluid. The results are shown below: 


Volume of fluid Volume of fluid 

from which Minimal weight per mg. Apparent 

glycogen was __ of glycogen minimal glycogen 

Weight of precipitated present glycogen Yield of content of 
tissue (cc. per g. (calculated content glycogen tissue 

Exp. g. tissue) from Exp. 1) ce. % % 

] 1-8 8-3 14-7 1-06 100 0-82 
2 0-46 13-0 3-75 1-6 62 0-50 
3 0-44 34-0 3-6 4:3 23 0-19 
4 0-26 58-0 2-13 7:3 14 0-12 


It is evident from these results that the greater the volume of dilute 
alcohol from which the glycogen is thrown down, the lower the results obtained. 

This is also shown by the following results of experiments in which 
equally small amounts of glycogen were estimated, but in which the volume 
of precipitating fluids was kept as small as possible throughout: 


Vol. of fluids Yield of 
per mg. minimal glycogen, Apparent 
Wt. of tissue glycogen content cale. from % glycogen 
Exp. g- cc. Exp. 1(%) in tissue 
l 1-73 0-32 100 0-88 
2 0-63 0-31 103 0-91 
3 0-32 0-47 98 0-86 


Hence, in carrying out the estimation of such small amounts of glycogen as 
must be present in plain muscle, the volume of alcohol should be adjusted, 
not to the weight of the tissue taken, but to the weight of glycogen likely to 
be present. Experiments of this nature are now in hand. 

In this lack of correspondence between the glycogen content and lactic 
acid maximum, as well as in some other respects, plain muscle appears to 
bear a strong chemical resemblance to cardiac muscle, which has recently 
been investigated by Katz and Long [1925] and by Hines, Katz and Long 
[1925]. 

SUMMARY. 

1. Lactic acid is present in small amount in “resting” plain muscle. 
(0-03-0-08 °%; the larger amounts in mammalian tissue.) 

2. The amount of lactic acid is increased when the muscle is made to 
contract. The lactic acid maximum is never so high as in skeletal muscle from 
the same species. 

3. The amount of lactic acid is increased by treatment which in skeletal 
muscle produces rigor. The highest amount thus found was 0-32 %, and 
usually it was below 0-2 %. 

4. When olaced in solutions of phosphates, the lactic acid production is 
much greater when the py of the solution is 9, than when it is 4-5. The rate 
of lactic acid formation in disodium hydrogen phosphate solutions is acceler- 
ated by the presence of arsenates. The rate of acid production, under the 
conditions of experiment, was much the same in 0-8 % NaHCO, as in 
disodium hydrogen phosphate solution. 
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5. The lactacidogen content for the muscle of the tortoise stomach 
(Autumn) is of an order corresponding to about 0-15 % lactic acid. 

6. Lactic acid rapidly accumulates in plain muscle when this is kept 
under anaerobic conditions, but scarcely at all when kept in oxygen. 

7. The oxygen usage of resting plain muscle indicates that the recovery 
process in oxygen is of much the same nature as that in skeletal muscle; 
actually the fraction oxidised under experimental conditions was about one- 
third. 

8. Owing, it is thought, to the errors incidental to the determination of 
small amounts of glycogen, it has not been possible, up to the present, to 
demonstrate that lactic acid arises from glycogen, or indeed, from any carbo- 
hydrate. In any case the glycogen content of the tissue is small, though, when 
allowance is made for the possible errors of experiment, perhaps large enough 
to make it possible that glycogen is the parent substance from which lactic 
acid is formed. 


The expenses of the investigation were in part defrayed out of a grant 
from the Government Grants Committee of the Royal Society. 
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In the course of an investigation into the influence of added glucose upon the 
action of tissue proteases, an interaction of glucose with the free amino-group 
was observed. In alkaline solution in the presence of this sugar, the free 
amino-nitrogen of glycine and of other more complex derivatives of protein, 
such as a peptic digest of albumin, Witte’s peptone, and Parke-Davis’ peptone, 
was found to decrease. Three preparations of glycine, two commercial and 
one obtained in this laboratory, when allowed to react separately with each 
of four specimens of glucose from different sources, gave in each case qualita- 
tively and quantitatively similar results. The reaction was found to proceed 
unchecked in solutions of tested sterility and to be unaffected by prelimimary 
boiling or autoclaving of the reagents. 

When a peptic digest in which the above reaction had occurred was sub- 
mitted to the method of fractional analysis for incomplete protein hydrolysates 
devised by the authors [1925], the reduction in free amino-nitrogen was found 
to have been unaccompanied by a synthesis of the lower fragments into more 
complex derivatives; nor was any loss in total nitrogen, formation of ammonia, 
urea or cyanic acid discovered even, in the case of glycine, with an 85 % 
diminution of the free amino-nitrogen. 

Boiling in weak acid solutions when phosphate is present restores but 
slightly the free amino-nitrogen which has disappeared during the incubation 
with glucose; in the absence of phosphate this procedure restores in large 
part the lost free amino-nitrogen. 

On the other hand, the imcubated solution of protein derivative and 
glucose was found to have acquired the property of reducing methylene blue 
in neutral or even slightly acid solutions in the absence of any added enzyme. 
This reduction was usually carried out at 56°, to ensure sterility, but it aiso 
occurs, more slowly, at 37°. With glycine and peptone, and probably therefore 
with other protein derivatives, the reduction of methylene blue is greatly 
accelerated by the presence of phosphate. Unhydrolysed albumin after 
incubation with the sugar rapidly reduced methylene blue without any added 
phosphate. The addition of washed muscle to an incubated mixture of peptone 
and glucose accelerated the reduction of methylene blue. 
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Acetamide, urea, or creatine added to glucose did not reduce methylene 
blue at a lower pg or at a greater rate than the sugar alone. 

It has not been found possible as yet to complete an investigation of the 
nature of the products occurring in the preliminary incubation and the 
subsequent oxidation. In the meantime, it was deemed of value to publish 
the results of a preliminary qualitative survey of the facts discovered, in view 
of the recently published observations of Raper and Wormall [1925], Happold 
and Raper [1925], Robinson and McCance [1925] and Onslow and Robinson 
[1925] on the induction of oxidative deamination of amino-acids by certain 
phenols, and of the discovery of a new oxidation-reduction system composed 
of glycine, acetaldehyde and phosphate by Haehn and Piilz [1925]. 

The increased oxidation of protein and amino-acids by alkaline perman- 
ganate in the presence of glucose has been observed by Fosse [1921] and also 
in the presence of formaldehyde by Fearon and Montgomery [1924]. The 
latter workers suggested, in explanation of the effect of formaldehyde, a 
destabilisation of the amino-group by its preliminary combination with the 
aldehyde group. 

In incubated solutions of glucose and glycine, of which details are given 
below, the sugar content, analysed by copper reduction in alkaline solution, 
showed no change. 

The accelerating influence of phosphate on the oxidation of glucose by 
H,0, has been studied by Léb and his collaborators [1910, 1911, 1912; 
Beysell and Lob, 1915] and by Witzemann [1920]. Harden and Henley [1922] 
showed that phosphate, though accelerating the oxidation of glucose by H,0,, 
was not indispensable. The influence of phosphate on the reduction of methylene 
blue by glucose aud glycine or peptone, described above, is directly analogous. 

Warburg and Yabusoe [1924] observed the oxidation of fructose by atmo- 
spheric oxygen in the presence of phosphate, but found glucose to be un- 
affected. In view of these experiments Meyerhof and Matsuoka [1924] again 
brought forward the hypothesis first proposed by Neuberg [1924] that glucose 
is converted to fructose before undergoing oxidation in vivo. Glucose in the 
presence of glycine undergoes caramelisation at 37°, even at reactions less 
alkaline than py 8, which suggests that significant changes are effected by 
glycine in the reactivity of the glucose molecule, of which possibly one may 
be an increased susceptibility to oxidation. This increased oxidisability cer- 
tainly exists in the amino-acids. The yield of ammonia from the oxidation 
of glycine by hydrogen peroxide and ferrous sulphate was increased from 8 % 
of the total possible when it was oxidised alone, to 25 % when the oxidation 
was carried out in the presence of glucose and phosphate. Neither urea nor 
cyanic acid was found even when the oxidation resulted in 25 % deamination. 


EXPERIMENTAL. 


The first observations on the effect of glucose in reducing the free amino-N 
of protein derivatives were made during a repetition, in modified form, of 
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the experiments of Kostytcheff and Brilliant [1914] on the influence of glucose 
on the enzymic synthesis of protein. The following is a typical result. 


Table I. Effect of glucose in reducing free amino-N. 


Free amino-N 


Concentrated after 48 hours’ 
peptic digest Hog liver incubation 
of albumin Glucose powder at 37° 
Exp. Pu ce, g. g. mg. 
1 8-4 10 4 0-1 56-5 
2 8-4 10 — 0-1 154-6 
3 8-4 (+4-0) 10 4 0-1 114-0 
4 8-4 (+4-0) 10 — 0-1 166-9 
5 4-0 10 4 0-1 160-1 
6 4-0 10 — 0-1 161-0 


Pfanstiehl’s “C.P.” glucose was used. The liver powder, as will be shown 
later, was not a factor here. The free amino-nitrogen was estimated by the 
method of Van Slyke in the macro-apparatus. The py of Exps. 3 and 4 was 
changed from 8-4 to 4-0 after 24 hours’ incubation. The dilution was main- 
tained constant in all. Toluene and chloroform were employed as preservatives. 

The small reduction in free amino-nitrogen in Exp. 2 was probably due 
to a synthetic reaction, as analysis showed some increase in the protein 
content. 

The interaction between glucose and the amino-group takes place only 
in alkaline solution. This effect of the hydrogen ion concentration is shown 
in Table II. 


Table Il. Effect of cy on the interaction of glucose and the amino-group. 


Amino-N after in- 
cubation with glucose. 


Pu % of total nitrogen 
Control (pg 7-0) 18-5 

5-0 18-3 

6-3 17-5 

71 15-1 

7-8 12-8 

8-4 12-4 


To 10 cc. of a concentrated peptic digest of albumin 4 g. Pfanstiehl “C.P.” 
glucose were added with chloroform and toluene, and incubated at 37° for 
48 hours. The liver powder, also added to these solutions, effected some small 
amounts of synthesis, which accounts for the slight reductions in the free 
amino-nitrogen in the acid solutions. The free amino-nitrogen was estimated 
by formaldehyde titration. 

In Table III the results of fractional analysis of a peptic digest after 
incubation with glucose show quite definitely that there are no indications 
of a synthetic reaction of sufficient extent to account for the large reduction 


in free amino-nitrogen. 








TR a a 





INTERACTION OF FREE AMINO-N AND GLUCOSE 1131 


Table III. Fractional analysis of peptic digest after incubation with glucose. 











Concentrated Free 
peptic digest Hog amino-N of Sub- 
of albumin liver mixture Protein-N Proteose-N  Peptone-N peptone-N 
pu 85 Glucose powder Percentage of total nitrogen 
Exp. ce. g- g. - nA, eee —a 
l 30 12 0-6 9-6 6-4 42-2 27-9 24-0 
2 30 12 _— 9-8 54 43-8 29-9 20-8 
3 30 _ 0-6 17-2 3-8 52-0 23-9 21-3 
4 30 —_ — 17-4 3°6 53-1 23-9 19-4 


Pfanstiehl glucose was used. The differences between Exps. 1 and 2, and 
3 and 4, in the values for the proteose and peptone fractions, are due to the 
increased solubility of proteose in the presence of glucose, which prevents a 
maximum salting out. This increased solubility has been observed also with 
albumin, Witte’s peptone and Parke-Davis’ peptone, and is probably the 
result of the affinity of the glucose for the amino-group. No increase in 
ammonia was found (the titrations were carried out with N/14 acid and alkali) 
in any of the experiments, nor was any urea or cyanic acid detected. 

A comparison of the free amino-nitrogen values in Exps. 1 and 2 in Table III 
shows that the decrease in free amino-N is as great in the absence of enzyme 
as when it is present. This is again demonstrated in Table IV. The peptic 
digest of albumin was boiled for half an hour. Two specimens of glucose were 
used, one, Baker’s “C.P.,” the other prepared from technical glucose by two 
recrystallisations according to the method of Hudson and Dale [1917]. 


Table IV. Action of glucose in the absence of enzyme. 


Free amino-N in Pu 
10 cc. of digest = =£,><——__*~______,, 
after incubation Before After 
Exp. Glucose used mg. incubation incubation 
1 — 66-6 8-3 8-3 
2 “CP. 37-1 8-3 7-2 
3 Recrystallised 37-1 8-3 7-2 


In Exps. 2 and 3, 10 cc. of the digest and 4 g. of sugar were used. No. | 
was without sugar. The mixtures were incubated for 48 hours at 37°. The fall 
in py in Exps. 2 and 3 is to be expected from the removal of the amino groups. 

The dependence of this interaction of glucose and amino-nitrogen on excess 
of hydroxy] ions, shown in Table II, is found agai when glycine is substituted 
for a peptic digest as the carrier of the amino-group. In Table V are given 
the results after incubation of a number of 1 % glycine solutions n M/2 
phosphate at various hydrogen ion concentrations with 13-2 % glucose (Baker’s 
“C.P.”). Chloroform was added to these mixtures; the flasks were tightly 
stoppered and incubated at 37°: electrometric py determinations and free 
amino-nitrogen estimations (Van Slyke’s method) were made from time to 
time. As a control, a parallel series of glycine solutions at the same hydrogen 
ion concentrations containing identical amounts of phosphate, but without 
sugar, was observed. The free amino-nitrogen values given are corrected for 
the change in volume due to the added glucose. 
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Table V. Effect of cy on the interaction of glucose and glycine. 


Free amino-N in l0cc. , 
Se 





—- ‘ 

Time With glucose Without glucose 
hours Pu mg. mg. 
0 7°38 9-4 9-5 
20 78 8-5 9-5 
46 7-8 8-1 9-4 
0 7-9 9-4 9-4 
22 7-9 8-4 9-4 
46 7-9 77 9-4 
0 8-3 9-4 9-4 
16 8-3 8-1 9-4 
48 8-3 7-5 9-4 
0 8-7 9-5 9-5 
19 8-7 7-7 9-4 
48 8-7 7-4 9-4 
0 9-2 9-0 9-2 
19 9-2 5°8 9-2 
46 9-2 5-6 9-2 


To carry the pg range further, another series of 1 % glycine solutions in 
M/2 phosphate with and without sugar was prepared, and incubated for 
48 hours at 37°. The pg values given in Table VI are those of the phosphate 
solutions before the addition of glucose or glycine. The free amino-nitrogen 
values, as in Table V, are corrected for the volume changes due to dissolved 
sugar. 


Table VI. Effect of cy on the interaction of glucose and glycine. 


Free amino-N (in 10 cc. of 1 % glycine 
after incubation at 37° for 48 hours) 
a 


ft Sat ee eee ie ee 
With glucose Without glucose 
Pu mg. mg. 
9-2 6- 9-6 
10-0 6-0 9-5 
10-6 3-9 9-5 
11-0 2-5 9-3 


After incubation with glucose in alkaline solution and suffering reduction 
in free amino-nitrogen, glycine, peptic digest, peptone and albumin acquire 
the property of reducing methylene blue without the aid of an enzyme. In 
these experiments the preliminary incubation and the subsequent treatment 
with methylene blue were performed with an aseptic technique, controlled 
by tests for organisms and spores. The reagents were heated for half an hour 
in a boiling water-bath, and chloroform and toluene were added to the final 
mixtures. In Table VII are stated the details of the mixtures and the results. 

The peptic digest, free from material precipitable by trichloroacetic acid, 
was prepared from a 3 weeks’ peptic digest of 3 °% albumin. It was neutralised 
to litmus and concentrated over a boiling water-bath to one-tenth of the 
original volume. The glycine solution contained 14-4 g. Pfanstiehl C.P. 
glycine in 100 ec. of M/2 K,HPO,. The concentrated digest and the glycine 
solutions were adjusted to py 8-5. The glucose employed was Baker's C.P. 
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Table VII. Reduction of methylene blue by incubated mixtures of glucose 
and glycine or peptone. 


Free amino-N Time to decolorise 
—_———. 0°05% methylene blue 
Concen- 14°4 Pu before after ——————————— 
trated peptic % afterin- heating heating before after 
digest of gly- M/2_ Glu- cubation inacid in acid heating heating 
albumin cine K,HPO, cose and solution solution in acid in acid 
Exp. ce. ce. ce. g. dilution mg. mg. solution solution 

1 10 == = 4 8-0 25 63 48 hrs. Partial in 24 hrs. 
2 10 —- —- 4 8-0 30 62 48 hrs. Partial in 24 hrs. 
3 - Le 10 4 9-7 -—— —- No decolorisation No decolorisation 
+ — 10 — 4 7-5 193 198 15 mins. | 19 mins. 
5 —- 10 _— 4 7-5 192 198 15 mins. 19 mins. 
6 -—- 10 — = 8-4 254 251 No decolorisation No decolorisation 
7 10 — — — 8-4 45 62 No decolorisation No decolorisation 
8 10 = -= 4 -- — = Partial in 48 hrs. = 
9 ~ 2-5 = ] — — — 24 hrs. —~ 


After 48 hours’ incubation in a water-bath at 37° sterility tests were made 
on 1 cc. removed aseptically from each of the above solutions, and the re- 
mainder was diluted to 100 cc. with V/280 NaOH. 

Solutions nos. 8 and 9 were prepared at this time. In solution no. 8, 4 g. 
sugar were dissolved in 10 ec. N/280 NaOH and 10 cc. peptic digest, and the 
resulting solution diluted to 100 cc. with N/280 NaOH. Solution no. 9 con- 
sisted of 1 g. glucose and 2-5 cc. of the control 14-4 % glycine solution (no. 6 
in Table VII) diluted to 25 cc. with N/280 NaOH. 

For the determination of the time required to decolorise methylene blue, 
10 cc. of the solutions described above and in Table VII were pipetted into 
10cc. of 0-05 % methylene blue, in 25 cc. test tubes. These were tightly stoppered 
with rubber corks and placed in a water-bath at 56°. To 40 cc. (except 
nos. 8 and 9) 1 ce. of conc. HCl was added and the mixtures heated for 
1 hour in a boiling water-bath and then left overnight in an ice-chest. The 
added acid was then neutralised, and the resulting solution made up to 50 cc. 
with distilled water. Methylene blue was added to 10 cc. of these as in the 
unboiled solutions. The free amino-nitrogen of both boiled and unboiled 
mixtures was estimated by the Van Slyke method, and the results are expressed 
in terms of 10 cc. of original undiluted peptic digest and glycine respectively. 
The py values given in Table VIII are those of the incubated solutions after 
dilution with N/280 NaOH. 

At the end of the 48 hours’ incubation all solutions were found to be free 
from organisms or spores. Solutions 4 and 5 had become dark reddish brown 
and possessed the odour characteristic of solutions containing caramel. The 
results of the treatment of solutions 4 and 5 show also that the compound, 
which arises during incubation of glucose with glycine, and which reduces 
methylene blue, is not destroyed by heating with acid. The result with solu- 
tion 9 compared with 4 and 5 shows that the preliminary 48 hour incubation 
reduced the time required to decolorise methylene blue from 24 hours to 
15 minutes. 
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In the case of the peptic digest, experiments 1 and 2, the reduction of 
methylene blue was more sluggish, and the amino-nitrogen lost during in- 
cubation was restored by heating in acid solution. These differences between 
peptic digest and glycine are in large part due to the absence of phosphate 
trom the peptic digest mixtures in 1 and 2, as is clearly shown in Table VIII. 


Table VIII. Effect of phosphate on the reduction of methylene blue by peptone 
and glucose. 


Free amino-N 
— 


M/2 144 before after Time to decolorise 


K.HPO, % heating heating 0°05 % methylene blue 
Glu- Yu Gly- with with arteries eta at 
cose 85 cine acid acid before after 
Exp. Digest g. ce. cc. mg. mg. Pu heating with acid heating with acid 
1 With phosphate — — — 735 85:6 ‘8-2 No decolorisation No decolorisation 
2 st 8 — — 246 62:8 7-5 22 mins. 23 mins. 
3 a 8 - — 244 649 7-5 18 mins. 19 mins. 
4 Without phosphate 8 - - 44-8 107-2 7-4 Partial in 24 hrs. None in 24 hrs. 
5 os 8 — 444 1053 7-4 Partial in 24 hrs. None in 24 hrs. 
6 * —_-_ — 73-5 108-8 8-5 Nodecolorisation No decolorisation 
7 ~- 8 s — — — 91 Slightin 24hrs. Slight in 24 hrs. 
8 = 2 2 5 207-8 7-4 18 mins. os 


Two 30% solutions of Witte’s peptone were made up, one with N/14 
NaOH, the other with 0-75 M K,HPO,. The reaction in both was adjusted 
to py 8-5. The solutions described in Table VIII were made with the same 
aseptic technique as those in Table VII, and incubated, as there, for 48 hours 
in a water-bath at 37°. Solutions 1, 2 and 3 contain, however, more total N 
than the corresponding ones in Table VII, because no withdrawal of solution 
was made for sterility tests. Solutions 2 and 3 were much less turbid than 
1 on account of the increased solubility of peptone in the presence of glucose. 
Solution 8 served as a control for the activity of the whole system. 

After 48 hours all except solution 8 were diluted with N/280 NaOH to 
100 ec. and number 8 was diluted to 50 cc. The free amino-nitrogen estimation, 
the methylene blue reduction, the py determinations, and the heating in acid 
and subsequent neutralisation and dilution were carried out in exactly the 
same manner as in the experiments described in Table VII. 

In the presence of phosphate the reduction of methylene blue by peptone 
and glucose is as rapid as the reduction by glycine, glucose and phosphate. 
Less of the amino-nitrogen lost by the peptone during incubation is restored 
by boiling with acid when phosphate is present. The increased value for free 
amino-nitrogen after boiling with acid in solutions 4, 5 and 6, as compared 
with solutions 2 and 3, is probably accounted for by the increased hydrolysis 
in the greater acidity due to the absence of buffer. 

With protein, phosphate is not as essential for the rapid reduction of 
methylene blue after incubation with sugar. The reduction in free amino- 
nitrogen in the preliminary incubation with glucose, if any, is quite small. 


Two suspensions of egg albumin were prepared, of approximately 30 % 
concentration, one in M/4 K,HPO,, the other in dilute NaOH, both with a 
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final py of 8-5. The protein was more soluble in the phosphate than in the 
NaOH, and both protein solutions were considerably clearer after addition 


of glucose. 
A number of solutions were made, and incubated in a water-bath at 37° 
for 48 hours. The details of the solutions and the results are noted in Table IX. 


Table IX. Reduction of methylene blue by albumin and glucose. 


Free amino-N Time to decolorise 
———. 01 % methylene blue 
Albumin Albumin K,HPO, before after eS 
with without Glu- pu heating heating before after 
K,HPO, K.HPO, cose 85 with acid with acid heating heating 
Exp. ce. ce. g ce. mg. mg. pu with acid with acid 
1 20 —- 8 -- 1-4 1-7 8-1 55 mins. — 
2 --- 20 8 — 1-5 1-2 9-1 38 mins. 40 mins. 
3 20 a - = 1:8 1-7 9-2 Partial. 0-01 % No decolorisation 
in 24 hrs. 
4 — 20 = — 15 19 10-0 Partial. 0-01% No decolorisation 
in 24 hrs. 
5 -— 8 20 — . 9-1 0-01% in 46mins. 0-01 % in 46 mins. 


The treatment after incubation was the same as in the previous experi- 
ments. 

The free amino-nitrogen values are uncertain. The faster reduction of 
methylene blue in the solution containing phosphate was due more probably 
to the higher alkalinity than to the phosphate. 

An attempt was made to ascertain whether a similar power to reduce 
methylene blue. was possessed by acetamide, urea and creatine after incuba- 
tion with glucose. No attempts were made to measure any changes that might 
have occurred in the NH, group. It was found that acetamide, urea and 
creatine after this treatment, did not reduce methylene blue, even in the 
presence of phosphate, at a rate appreciably faster than glucose alone, or at 


a less alkaline py. 


Table X. Effect of washed muscle on reduction of methylene blue by 
peptone and sugar. 


M/2 Washed 
K,HPO, muscle 


Digest Ine. Sugar Pa 85 (enzyme) Time to decolorise 0-01 % 

Exp. ce. sugar g. ce. g. methylene blue 

1 10 + — — 2 34 hrs. 

2 10 + — — — 10 hrs. 

3 10 - + — 2 Nearly complete in 24 hrs. 

4 10 — + — — Partially in 24 hrs. 

5 — — 1 10 2 No decolorisation 

6 10 — —- 2 No decolorisation 

7 — 1 10 2 Slight decolorisation in 24 hrs. 

8 ee : — 10 2 No decolorisation 


The decolorisation of methylene blue by peptone after incubation with 
glucose is accelerated by the addition of washed muscle prepared by the method 
of Thunberg [1917]. A concentrated peptic digest of albumin was incubated 
at an initial py, of 8-3 with 10 % glucose for 24 hours at 37°. The solution 
was then diluted with an equal volume of M/2 K,HPO, and heated at 56 


for 1 hour to drive off the chloroform and to sterilise the mixtures. At the 
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same time 50 cc. of digest without sugar were similarly treated and, after 
heating, glucose to a concentration of 10 % added. The py of both solutions 
was finally 7-9. In Table X “inc. sugar” designates digest incubated with 
glucose for 24 hours, and “sugar” the digest to which glucose was added 
immediately before the addition of the washed muscle. 

Preliminary incubation with glucose increases the yield of ammonia after 
treatment with H,O, and ferrous sulphate. A typical result is given in 


Table XI. 


Table XI. Effect of glucose on the oxidation of glycine by H,0,. 


1 % glycine 


in K,HPO, Glucose 30 % H,0, H,O Ammonia-N 
Exp. ce. g. ce. ce. mg. 
1 25 3-1 8 2 5:8 
2 25 2-0 6 4 5-7 
3 25 1-25 4 6 2-2 
4 25 0-75 2 8 2-9 
5 25 0-25 2 8 2-5 
6 25 oo 2 8 2-2 
7 25 3-1 — 10 0-4 


A 1% glycine solution in M/2 K,HPO, at pq 8-8 was used. All the 
solutions were incubated for 24 hours at 37°. At the end of this period there 
still remained some undecomposed H,O, which was removed by freshly pre- 
cipitated manganese dioxide. The ammonia was determined by aeration in a 
strongly alkaline solution, and the urea by precipitation with xanthhydrol. 
The cyanic acid was estimated by incubation with excess of ammonium 
chloride and precipitation of the resultmg urea with xanthhydrol. The 
ammonia formed in Exps. | and 2 corresponds to 17-5 % of the total nitrogen. 
No cyanic acid or urea was found. 

The dependence of the oxidation of glycie and glucose by H,O, on the 
reaction is shown in Table XII. 


Table XII. Effect of pg on the oxidation of glycine and glucose by H,0,. 


Ammonia-N formed; 
percentage of 


Exp. Pu total N 

] 9-5 19-1 
2 8-7 17-6 
3 8-0 17-2 
4 7-7 14-1 
5 7-2 9-5 
6 6-9 7-6 
7 6-3 4-4 

5-9 5-7 
9 3-8 2-4 


1 % glycine solutions were made up in M/2 K,HPO, at various pq values 
and the final py in each case determined electrometrically. To 30 cc. of each 
of these solutions 3-75 g. glucose (Pfanstiehl C.P.) and 10 cc. of neutralised 
30 % H,O, and one crystal of ferrous sulphate were added. After 24 hours’ 
incubation at 37°, the solutions were neutralised and the excess H,O, was 
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decomposed with freshly precipitated manganese dioxide. The ammonia was 
determined by aeration and the urea and cyanic acid by xanthhydrol. Neither 
urea nor cyanic acid was found. 


SUMMARY. 


1. In alkaline solution, in the absence of any enzyme, an interaction occurs 
between glucose and protein derivatives which results in a reduction of the 
free amino-nitrogen. The reduction is not the result of a synthetic process 
and neither urea, cyanic acid nor ammonia is formed. 

2. Simultaneously with the reduction in free amino-nitrogen the mixture 
of glucose and protein derivative acquires the property of reducing methylene 
blue in approximately neutral solution. 

3. With glycine and peptone this reduction of methylene blue is ac- 
celerated by phosphate. With albumin an equal velocity of reduction is 


obtained without phosphate. 
4. The reduction of methylene blue by incubated peptone and glucose is 


accelerated by washed muscle. 
5. Preliminary incubation with glucose increases the yield of ammonia 


after oxidation with hydrogen peroxide. 


The authors wish to thank Miss J. McCullough for performing the sterility 
tests, and Mr A. D. Barbour for the numerous glucose estimations which he 


carried out. 
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Blood-sugar, fate of, after insulin injection in 
normal animals (Hynd) 1095 

Blood-sugar levels of rats fed with complete 
diets and diets deficient in vitamin B 
(Eggleton and Gross) 633 

Borsoox, H. and Wastrenrys, H. The inter- 
action of free amino-nitrogen and glucose 
1128 

Brain metabolism (Holmes and Holmes) 492, 
836 

Briaes, G. E. A further note on the kinetics 
of enzyme action 1037 

Briaas, G. E. and Hatpang, J. B.S. Note on 
the kinetics of enzyme action 338 

Brown, H. C., see Henry, T. A. 

BrownteEg, J. An arithmetical test of the 
validity of the theory of Bayliss regarding 
fermentation and adsorption 162 

Brown er, J. On the methods of fitting the 
formula of Michaelis in relation to the effect 
of hydrogen ion concentration on enzyme 
action to the data: with some discussion 
of the results 377 

Bunker, H. J., see THaysen, A. C. 


Calcium, assimilation of, in the growing pig, 
influence of small quantities of potassium 
iodide on (Kelly) 559 

Calcium, estimation of, in hlood (Stanford and 
Wheatley) 710 

Calcium in mother’s diet during pregnancy, 
influence upon young of an _ excessive 
amount of (Korenchevsky and Carr) 112 

Calcium metabolism, effect of irradiation and 
diet on (Henderson) 52 

Calcium metabolism, effects of parathyroid 
feeding on (Woodman) 595 

Cattow, A. B. and Rosprnson, M. E. The 
nitroprusside reaction of bacteria 19 

Cattow, E. H. The autolysis of the muscle 
of the cod fish 1 


Carbohydrates, the effect of various, on the 
ketosis of starvation in human subjects 
(Goldblatt) 948 

Carbon dioxide, the controlling influence of 
(Thomas) 927 

Carbon monoxide in blood, determination of 
(Tervaert) 300 

Carnosine of muscle and iminazole excretion 
in urine (Hunter) 34 

Carr, M., see KORENCHEVSKY, V. 

Carrt, M. H. The relation of pectose and 
pectin in apple tissue 257 

Catalase, the functions of (Dixon) 507 

Cell wall, histological studies on the polysac- 
charides and aromatic constituents of 
(Mehta) 979 

Cerebro-spinal fluid, occurrence of diastase in 
(Cohen) 290 

Cuannon, H. J. Cholesterol synthesis in the 
animal body 424 

Cuannon, H. J., see also DRuMMonD, J. C. 

Chlorella (sp.?), synthesis of vitamin A by 
(Coward) 240 

Cholesterol secretion in the urine (Gardner and 
Gainsborough) 667 

Cholesterol synthesis in the animal body 
(Channon) 424 

Chromogen, in Mercurialis, showing avidity 
for free oxygen (Haas and Hill) 236 

“Cider Sickness,” the fate of sugar during 
(Tutin) 418 

CuirFrorD, W. M. The effect of halogen salts 
on salivary digestion 218 

CiirForD, W. M. The effect of short periods 
of cold storage on beef and mutton 998 

CLUTTERBUCK, P. W. and Raper, H. 8S. A study 
of the oxidation of the ammonium salts of 
normal saturated fatty acids and its bio- 
logical significance 385 

CLUTTERBUCK, P. W. and Rarer, H. S. The 
fate in the animal body of phenylsuccinic 
acid and 8-phenylhexoic acid 911 

Cod-liver oil, effect of high temperatures on 
the accessory food factor content of (South- 
gate) 733 

Conen, I. The occurrence of diastase in the 
cerebro-spinal fluid 290 

Cold storage, the effect of short periods of, on 
beef and mutton (Clifford) 998 

Colour reaction for disulphides (Walker) 1082 

Colour reaction for the presence of vitamin A 
(Rosenheim and Drummond) 753 

Colour reactions associated with vitamin A 
(Fearon) 888 

Colour standards for use in determination of 
iminazoles (Hunter) 42 

Colpidium colpoda, influence of washing upon 
the reproductive rate of (Cutler and Crump) 
450 

Complement, “third component” or heat- 
stable factor of (Whitehead, Gordon and 
Wormall) 618 

Conductivity of red cell suspensions during 
haemolysis, changes in (Ponder and Taylor) 
552 

Coorrer, E. A. and Nicnonas, 8. D. The 
solubility of proteins and proteoses in 
aldehydes and other organic solvents 533 

Cork, potato, the chemical nature of the 
membrane of (Rhodes) 454 
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Cowarp, K. H. Synthesis of vitamin A by a 
fresh-water alga, Chlorella (sp.?) 240 

Cowarp, K. H. The persistence of vitamin A 
in plant tissues 500 

CowarD, K. H., see also DrumMMonND, J. C. 

Creatine metabolism, effects of parathyroid 
feeding on (Woodman) 595 

Creatinine, estimation of allantoin in presence 
of (Langfeldt and Holmsen) 715 

Crump, L. M., see CuTLER, D. W. 

Crustacea, decapod, the dissociation curves of 
the oxyhaemocyanin in the blood of (Sted- 
man and Stedman) 544 

Curves, hydrolytic dissociation (Barratt) 
875 

Curusertson, D. P. The distribution of 
phosphorus and fat in the resting and 
fatigued muscle of the cat, with a note on 
the partition of phosphorus in the blood 
896 

Cutter, D. W. and Crump, L. M. The in- 
fluence of washing on the reproductive rate 
of Colpidium colpoda 450 
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gomery) 71 
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reaction (Raper and Wormall) 84 
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acids (Happold and Raper) 92 

Dehydrogenations produced by resting bacteria 
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Deur, E. M. The influence of storage on the 
antiscurvy value of fruits and vegetable 
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Diabetic dogs, “uricolytic index” 
and Holmsen) 724 

Diabetic, early action of insulin in (Lawn and 
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Diastase in the cerebro-spinal fluid, occurrence 
of (Cohen) 290 

Diastatic activity of saliva, influence of 
different substances on (Walker) 221 

Diazo reaction in uraemic sera (Hewitt) 
171 
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852 
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Diet, varying conditions of, and the effect of 
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737 
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blood in (Findlay and Maclean) 63 
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Diets, synthetic, an improved technique for 
use with (Hartwell) 729 

Digestion, salivary, effect of halogen salts on 
(Clifford) 218 

Dissociation curves, 
875 

Disulphides, a colour reaction for (Walker) 
1082 

Dixon, M. Studies on xanthine oxidase. 
V. The function of catalase 507 : 

Drxon, M. and Txaurtow, 8S. Studies on 
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system independent of iron 672 
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Dopps, E. C., see also Dicxrns, F. 
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nature of vitamin A 1047 

Drummonpn, J. C., Cowarp, K. H. and 
Hanpy, J. On the technique of testing 
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DupLey, H. W. and Rosennem, O. Notes 
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Duprey, H. W. and Tuorpsr, W. V. A syn- 
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Ecaieron, P. and Gross, L. A note on the 
blood-sugar levels of rats fed with complete 
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Eggs, distribution of nitrogen in the proteins 
of (Plimmer and Rosedale) 1015 

Elastin, a new hydrolysis product from 
(Engeland) 850 

Electrode, glass, use of, in biochemistry 
(Kerridge) 611 

ENGELAND, R. A new hydrolysis product from 
elastin 850 

Enzyme, a basidiomycete, oxidative deamina- 
tion by (Robinson and McCance) 251 

Enzyme action, kinetics of (Briggs) 1037; 
(Briggs and Haldane) 338 

Enzyme action, on the methods of fitting the 
formula of Michaelis in relation to the 
effect of hydrogen ion concentration on 
(Brownlee) 377 

Enzymes of the liver and spleen, influence of 
oxygen on the production of urea by 
(McCance) 134 

Enzymes, plant, the oxidation of certain 
parahydroxy-compounds by, and its con- 
nection with “tyrosinase” (Onslow and 
Robinson) 420 

Esterase, phosphoric, of blood at various 
hydrogen ion concentrations (Martland) 
117 

Evans, C. L. Studies on the physiology of 
plain muscle. IV. The lactic acid content 
of plain muscle under various conditions 
1115 

Excretion of purine derivatives in dogs 
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Fat, distribution of, in the resting and fatigued 
muscle of the cat (Cuthbertson) 896 

Fat, estimation of, in blood (Stewart and White) 
840 

Fat, yeast, presence of vitamin A in (Luce and 
Smedley MacLean) 47 

Fats, influence of glutathione in the oxidation 
of (Hopkins) 787 

Fat-soluble factor, effects of certain salts upon 

’ the skeleton of rats kept on a diet deficient 

only in (Korenchevsky and Carr) 101 

Fatty acids, a study of the oxidation of the 
ammonium salts of normal saturated, and 
its biological significance (Clutterbuck and 
Raper) 385 

Fraron, W. R. A study of some biochemical 
colour tests. III. Colour reactions as- 
sociated with vitamin A 888 

Fermentation and adsorption, an arithmetical 
test of the validity of the theory of Bayliss 
regarding (Brownlee) 162 

Fermentation by dried yeast preparations 
(Harden) 477 

Fermentation of dried tobacco (Fodor and 
Reifenberg) 827, 830 

Frnpuay, G. M. and Macrizan, I. The bacteri- 
cidal action of the blood in certain dietary 
deficiencies 63 

Fish, cod, autolysis of muscle of (Callow) 1 

Fopor, A. and Rerrenserc, A. Studies on 
the nature of the process of germination. 
A new method for the determination of 
proteins by means of adsorption applied 
to the decomposition of proteins in 
germinating pea seeds 188 

Fopor, A. and Retrensera, A. Researches 
on the fermentation of dried tobacco. 
I. The methods for separating nicotine and 
ammonia 827 

Fopor, A. and Retrenserc, A. Researches 
on the fermentation of dried tobacco. 
II. The enzymic production of volatile 
products from nicotine under the influence 
of tobacco-leaf extracts 830 

Foster, D. L. The relation between the pan- 
creas and the carbohydrate metabolism of 
muscle. II. Antiglyoxalase and glyoxalase 
757 

Fruits, influence of storage on the antiscurvy 
value of (Delf) 141 

Fur, loss of, in young growing rats, possible 
correlation between dietary protein and 
(Hartwell) 75 


JAINSBOROUGH, H., see GARDNER, J. A. 

GARDNER, J. A. and GarnsporoucnH, H. 
Cholesterol secretion in the urine. Part I 
667 

Gelatin solutions, surface tension of (St Johns- 
ton and Peard) 281 

Germination, studies on the nature of the 
process of (Fodor and Reifenberg) 188 

Gland, thyroid, method for estimation of 
iodine in (Pickworth) 768 

Glands, sexual, and metabolism (Korenchevsky 
and Carr) 773 

Glucose content of normal urine (Lund and 
Wolf) 538 

Glucose in blood, method for the estimation of 
(Milroy) 746 


Glucose, interaction of, with free amino- 
nitrogen (Borsook and Wasteneys) 1128 

Glutathione in the corpuscles of mammalian 
blood (Holden) 727 

Glutathione, influence of, in the oxidation of 
fats and proteins (Hopkins) 787 

Glutathione, occurrence and quantitative 
estimation of, in tissues (Tunnicliffe) 194 

Glutathione, relation between the tissues and 
the oxidised dipeptide (Tunnicliffe) 199 

Glutathione, synthesis (Stewart and Tunni- 
cliffe) 207 

Glycerophosphates, calcium and sodium, effects 
of, upon the skeleton of rats kept on a 
diet deficient only in fat-soluble factor 
(Korenchevsky and Carr) 101 

Glyoxalase and carbohydrate metabolism of 
muscle (Foster) 757 

GotpBLatt, M. W. Estimation of acetoacetic 
acid and §-hydroxybutyrice acid in urine 
626 

Gotpsiatt, M. W. Observations on the effect 
of various carbohydrates on the ketosis of 
starvation in human subjects 948 

GorpDoNn, J., see WHITEHEAD, H. R. 

Grinding, wet, of plant tissues out of contact 
with air, laboratory apparatus for (Roach) 
783 

Gross, L., see EaGLeTon, P. 

Growth, anaerobic, of bacteria (Quastel and 
Stephenson) 660 

Growth, anaerobic, some reactions of resting 
bacteria in relation to (Quaste!, Stephenson 
and Whetham) 304 

Growth, bacterial, possible réle of pyruvic 
acid in (Quastel) 641 

Guanidines in urine, determination of, as 
picrates (Sharpe) 168 


Haas, P. and Huu, T.G. Mercurialis. I. The 
development of a blue pigment on drying 
233 

Haas, P. and Hix, T. G. Mercurialis. I. The 
occurrence of a chromogen showing a 
remarkable avidity for free oxygen 236 

Haemocyaninu (Stedman and Stedman) 544 

Haemoglobin in relation to other metallo- 
haematoporphyrins (Hill) 341 

Haemoglobin, osmotic pressure of (Wilson) 80 

Haemolysis, changes in conductivity of red cell 
suspensions during (Ponder and Taylor) 
552 

Haemolysis, influence of blood serum and of 
sugars on (Kennedy) 318 

Haxpang, J. B. S. The production of acidosis 
by ingestion of magnesium chloride and 
strontium chloride 249 

Haxpang, J. B. S., see also Briaas, G. E. 

Halogen salts, effect of, on salivary digestion 
(Clifford) 218 

Hanpy, J., see DRuMMonpD, J. C. 

Harrotp, F. C. and Raper, H. S. The 
tyrosinase-tyrosine reaction. III. The sup- 
posed deaminising action of tyrosinase 
on amino-acids 92 

HarpEen, A. Fermentation by dried yeast 
preparations 477 

Hartwe.1, G. A. A possible correlation be- 
tween dietary protein and loss of fur in 
young growing rats 75 
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Hartwe tt, G. A. A comparison of dried and 
evaporated milks by a dietetic method 226 

HartweE.i, G. A. A note on an improved 
technique for use with synthetic diets 729 

Hartweitt, G. A. Mammary Secretion. 
VI. Vitamin B and the lactating rat’s diet. 
1. The quantitative relation of vitamin B 
to protein. 2. Vitamin B requirement of 
the lactating and non-lactating rat (Pre- 
liminary Note) 1075 

Havarp, R. E. and Reay, G. A. Normal 
variations of the inorganic phosphate of 
blood 882 

Henperson, J. M. The effect of irradiation 
and diet on calcium and _ phosphorus 
metabolism 52 

HenvDERSON, J. M., see also Orr, J. B. 

Henry, T. A., Suarp, T. M. and Browy, H. C. 
Bactericidal action of some organic com- 
pounds of mercury 513 

Hewitt, L. F. The diazo reaction in uraemic 
sera 17] 

Hit, R. Haemoglobin in relation to other 
metallo-haematoporphyrins 341 

Hit, T. G., see Haas, P. 

Histidine, as precursor of purines (Stewart) 
266, 1101 

Hotpen, H. F. A note on the presence of 
glutathione in the corpuscles of mam- 
malian blood 727 

Hoimes, B. E. and Hotmes, E. G. Contribu- 
tions to the study of brain metabolism. 
I. Carbohydrate metabolism 492 

Hotmes, E. G. and Hotmes, B. E. Contribu- 
tions to the study of brain metabolism. 
II. Carbohydrate metabolism 836 

Homes, B. E., see also Hotmes, E. G. 

Homes, E. G., see also Hotmes, B. E. 

Ho.mseEn, J., see LANGFELDT, E. 

Hopkins, F. G. Glutathione. Its influence in 
the oxidation of fats and proteins 787 
Hormone, ovarian, observations upon the 
preparation and standardisation of (Dickens, 

Dodds and Wright) 85: 

Hunter, G. The diazo reaction in urine 25 

Hunter, G. Carnosine of muscle and iminazole 
excretion in the urine 34 

Hunter, G. Colour standards for use in the 
determination of iminazoles 42 

Hydrogen ion concentration, effect of, on 
enzyme action (Brownlee) 377 

Hydrogen ion concentration of the blood of 
guinea-pigs suffering from scurvy (Lepper 
and Zilva) 581 

Hydrogen ion concentrations, the phosphoric- 
esterase of blood at various (Martland) 117 

8-Hydroxybutyric acid in urine, estimation 
of (Goldblatt) 626 

Hynp, A. The fate of the blood sugar after 
insulin injection in normal animals 1095 





Iminazole excretion in urine and carnosine of 
muscle (Hunter) 34 

Iminazoles, determination of, colour standards 
for use in (Hunter) 42 

Insulin and blood-fat (White) 921 

Insulin, early action of, in the diabetic (Lawn 
and Wolf) 122 

Insulin injection in normal animals, fate of the 
blood sugar after (Hynd) 1095 


Invertases, leaf, specific conditions of action 
of (Blagoveschenski and Sossiedov) 350 
Todine in thyroid gland, method for the estima- 
tion of (Pickworth) 768 

Iron, a cell oxidation system independent of 
(Dixon and Thurlow) 672 

Irradiation, effect of, on calcium and phos 
phorus metabolism (Henderson) 52 F 


Kay, H. D. Some phosphorus compounds of 
milk. I. The presence in milk of organic 
acid-soluble phosphorus compounds 433 

Kay, H. D. Note on the phosphorus content 
of the blood of ruminants 447 

Ketxy, F. C. The influence of small quantities 
of potassium iodide on the assimilation of 
nitrogen, phosphorus and calcium in the 
growing pig 559 

Kennepy, W. P. The influence of blood serum 
and of sugars on haemolysis 318 

KERRIDGE, P. T. The use of the glass electrode 
in biochemistry 611 

Ketosis of starvation in human subjects, 
observations on the effect of various 
carbohydrates on (Goldblatt) 948 

Kinetics of enzyme action (Briggs) 1037; 
(Briggs and Haldane) 338 

KinnERSLEY, H. W., Prerers, R. A. and 
Squires, B. T. Animal quinoidine 404 

KINNERSLEY, H. W. and Peters, R. A. 
Antineuritic yeast concentrates. I 820 

KORENCHEVSKY, V. and Carr, M. The effects 
of calcium glycerophosphate, sodium gly- 
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factor 101 
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nancy 112 
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glands and metabolism. IV. The influence 
of injections of emulsions of testes and 
prostate and of insulin-like testicular 
extracts upon the nitrogen metabolism of 
normal, castrated and thyroidectomised 
rabbits 773 





Lactating animal, effect of ultra-violet light 
on the mineral metabolism of (Orr, Magee 
and Henderson) 569 

Lactic acid content of plain muscle under 
various conditions (Evans) 1115 

LANGFELDT, E. and HotmseEn, J. Estimation 
of allantoin in presence of uric acid, 
creatinine and amino-acids 715 
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tion of purine derivatives in dogs 717 
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E. N. The preparation and properties of 
purified oleic acid and some of its salts 7 

Lawn, L. and Wo tr, C. G. L. The early action 
of insulin in the diabetic 122 

Lawson, W., see Dopps, E. C. 
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Leaves, apple, “silvered” and normal, the 
pectin content of (Tutin) 414 

Lemon juice, antiscorbutic fraction of. III 
(Zilva) 589 

Lepper, E. H. and Martin, C. J. A micro- 
method for titrating the bicarbonate in 
plasma 573 

Lepper, E. H. and Zriva,8.8. The bicarbonate 
of the plasma and the hydrogen ion con- 
centration of the blood of guinea-pigs 
suffering from scurvy 581 

Lignification, biochemical and _ histological 
studies on (Mehta) 958, 979 

Lignin, physiological significance of, and 
estimation of, in timbers (Mehta) 958 

Lipase, pancreatic, factors influencing the 
action of (Platt and Dawson) 860 

Lipochromes present in certain bacteria 
(Reader) 1039 

Liver, enzymes of, influence of oxygen on the 
production of urea by (McCance) 134 

Luce, E. M. and Smepitey MacLean, I. 
The presence of vitamin A in yeast fat 
47 

Luck, J. M. and Sern, T. N. The physiology 
of gastric urease 357 

Luck, J. M., see also Sern, T. N. 

Lunp, G. S. and Wo tr, C. G. L. The glucose 
content of normal urine 538 


McCancez,-R. A. The influence of oxygen on 
the production of urea by enzymes of the 
liver and spleen 134 

McCancre, R. A. Tyrosinase, its action on 
phenols, tyrosine and other amino-acids 
1022 

McCance, R. A., see also Roptnson, M. E. 

MactEAN, I., see Finpuay, G. M. 

MaceEE, H. E., see Orr, J. B. 

Magnesium chloride, production of acidosis by 
ingestiun of (Haldane) 249 

Magnesium, estimation of (Stewart and Archi- 
bald) 484 

Mammary secretion (Hartwell) 1075 

Martin, C. J., see LEprEr, E. H. 

Marrtanp, M. The phosphoric esterase of 
blood at various hydrogen ion concen- 
trations 117 

Marrick, A. T. R. and Wricut, N. C. The 
influence of the administration of certain 
salts on the yield and composition of milk 
915 

Menta, M. M. Biochemical and histological 
studies on lignification. Part I. The nature 
of lignin: its physiological significance and 
its estimation in timbers 958 

Menta, M. M. Biochemical and histological 
studies on lignification. Part II. Histo- 
logical studies on the polysaccharides and 
aromatic constituents of the cell wall 979 

Membrane equilibrium, Donnan’s theory of, 
an explanation of the effect of acetic acid 
on the osmotic pressure of haemoglobin 
(Wilson) 80 

Mercurialis (Haas and Hill) 236 

Mercury, bactericidal action of some organic 
compounds of (Henry, Sharp and Brown) 
513 

Metabolic processes in Ascaris lumbricoides, 
nature of (Slater) 604 


Metabolism and the sexual glands. IV (Koren- 
chevsky and Carr) 773 

Metabolism and the specific dynamic action of 
amino-acids, the relation between (Seth 
and Luck) 366 

Metabolism, calcium and creatine, effects of 
parathyroid feeding on (Woodman) 595 

Metabolism, calcium and phosphorus, effect of 
irradiation and diet on (Henderson) 52 

Metabolism, carbohydrate, of brain (Holmes 
and Holmes) 836 

Metabolism, carbohydrate, of muscle, and the 
pancreas, relation between (Foster) 757 

Metabolism, mineral, of the lactating animal, 
effect of ultra-violet light on (Orr, Magee 
and Henderson) 569 

Metabolism of arginine and histidine (Stewart) 
266, 1101 

Metabolism of the brain (Holmes and Holmes) 
492 

Metabolism, phosphate, in fatigued mammalian 
muscle (Andrews) 242 

Metabolism, sulphur and nitrogen, relation 
between (Wilson) 322 

Metallo-haematoporphyrins, haemoglobin in 
relation to (Hill) 341 

N-Methylputrescine, a synthesis of (Dudley 
and Thorpe) 845 

Micrometer syringe (Trevan) 1111 

Microtitration, a method of (Rehberg) 270 

Microtitration of bicarbonate in plasma (Lepper 
and Martin) 573 

Microtitration of urea in 0-1 cc. of blood 
(Rehberg) 278 

Milk, the presence of organic acid-soluble 
phosphorus compounds in (Kay) 433 

Milk, yield and composition of, the influence 
of the administration of certain salts on 
(Mattick and Wright) 915 

Milks, dried and evaporated, a comparison of 
by a dietetic method (Hartwell) 226 

Milroy, J. A. A method for the estimation of 
glucose in blood 746 

Montaomery, E. G. The determination of 
cyanates in blood 71 

Mottram, E. N., see Lapwortu, A. 

Mortram, J. C., see Dopps, E. C. 

Murray, M. M. The estimation of ammonia 
and urea in blood and urine 294 

Muscle, carbohydrate metabolism of, and the 
pancreas, relation between (Foster) 757 

Muscle, carnosine of, and iminazole excretion 
in urine (Hunter) 34 

Muscle, fatigued mammalian, the phosphate 
metabolism in (Andrews) 242 

Muscle of the cat, resting and fatigued, the 
distribution of phosphorus and fat in 
(Cuthbertson) 896 

Muscle of the cod fish, autolysis of (Callow) 1 

Muscle, plain and striated, comparison of the 
reducing properties of (Tsubura) 397 

Muscle, plain, lactic acid content of, under 
various conditions (Evans) 1115 

Muscle, plain, physiology of (Evans) 1115 

Mutton, the effect of short periods of cold 
storage on (Clifford) 998 


NicHo.as, 8. D., see Cooper, E. A. 
Nicotine and ammonia, methods for separating 
(Fodor and Reifenberg) 827 
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Nicotine, enzymic production of volatile pro- 
ducts from, under the influence of tobacco- 
leaf extracts (Fodor and Reifenberg) 830 

Nitrogen and sulphur metabolism, relation 
between (Wilson) 322 

Nitrogen, assimilation of, in the growing pig, 
influence of small quantities of potassium 
iodide on (Kelly) 559 

Nitrogen, distribution of, in the proteins of 
eggs (Plimmer and Rosedale) 1015 

Nitrogen distribution, Van Slyke’s method of 
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QuastTEL, J. H. and Wuetuam, M. D. Dehydro- 
genations produced by resting bacteria. 
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Ruminants, blood of, note on the phosphorus 
content of (Kay) 447 


St Jounston, J. H. and Prearp, G. T 
surface tension of gelatin solutions 
Saliva, diastatic activity of, influence of dif- 

ferent substances on (Walker) 221 

Salivary digestion, effect of halogen salts on 
(Clifford) 218 

Sarcoma, Jensen’s rat, some metabolic dif- 
ferences, following X-radiation, between 
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SmepLey MacLean, [., see Luce E. M. 
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318 
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Tissues, relation between, and oxidised gluta- 
thione (Tunnicliffe) 199 

Tobacco, dried, researches on the fermentation 
of (Fodor and Reifenberg) 827, 830 

TrEvVAN, J. W. The micrometer syringe 
1111 

Tsupura, 8S. Studies on the physiology of 
plain muscle. III. Comparison of the re- 
ducing properties of plain and striated 
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TunnicLirFe, H. E. Glutathione. The occur- 
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and their products. II. The fate of sugar 
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and other amino-acids (McCance) 1022 
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connection with (Onslow and Robinson) 
420 
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of, on amino-acids (Happold and Raper) 
92 

Tyrosinase-tyrosine reaction (Raper and Worm- 
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1022 
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metabolism of the lactating animal (Orr, 
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scurvy value of (Delf) 141 

Vitamin, see also Accessory food factor, 
Antineuritic, Antiscorbutic, Antiscurvy, 
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Yeast concentrates, antineuritic (Kinnersley 
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Yeast, dried preparations, fermentation by 
(Harden) 477 

Yeast fat, presence of vitamin A in (Luce and 
Smedley MacLean) 47 

Yeast growth and allelocatalysis (Peskett) 
474 


Yeast, growth of, influence of volume of cul- 
ture medium employed on (Peskett) 464 

Yeast, studies on the growth of (Peskett) 464, 
474 


Ziuva, 8. S. The antiscorbutic fraction of 
lemon juice. III 589 
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